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OF  REPRESENTATIVE  FEEDLOT  WASTES: 
A  CHEMICAL  AND  MICROBIAL  PROFILE 

G.  R.  Hrubant,  R.  A.  Rhodes,  and  J.  H.  Sloneker1 


Feeder  cattle  and  hog  operations  have  steadily  in- 
creased concentration  and  number  of  animals  per 
unit  (feedlot  and  confinement  housing).  As  a  result, 
large  quantities  of  animal  wastes  may  accumulate 
and  could  constitute  a  pollution  hazard.  A  number 
of  approaches  have  been  suggested  for  the  disposal 
or  use  of  these  wastes. 

Among  these  are  drying  and  refeeding  to  the 
same  or  different  species  of  animals,  partition  to 
obtain  fractions  of  enriched  nutritive  value,  fer- 
mentative conversion  to  microbial  protein,  use  as  a 
supplemental  nutrient  in  fermentation  processes, 
composting,  land  application  to  increase  soil  tilth, 
and  generation  of  methane  fuels  by  anaerobic  di- 
gestion. 

All  approaches  except  the  first  two  involve  bio- 
logical conversion  in  some  form.  The  most  desirable 
of  these  are  intended  to  use  the  inherent  value  of 
the  waste  (a  resource,  not  a  residue).  However,  eval- 
uating the  potential  for  any  given  conversion  and 
predicting  the  changes,  which  may  occur  under  a 
given  circumstance,  depend  upon  knowledge  of  the 
material  involved. 

As  far  as  can  be  determined,  the  chemical  and 
biological  properties  of  animal  manures  are  little 
documented.  A  survey  of  the  literature,  personal 
inquiry,  and  two  CRIS  searches  have  not  disclosed 
information  on  exact  composition.  Data  on  the 
physical  parameters  include  quantity  per  animal 
and  solids  content  (total  and  volatile).  Chemical 


data  generally  reflect  such  interest  in  fertilizer 
value  as  percent  content  of  nitrogen,  phosphorus, 
and  potassium  (expressed  as  N,  P2Os,  and  K20, 
respectively).  Chemical  measurements  also  include 
pH,  volatile  acids,  and  alkalinity. 

Biological  properties  have  been  measured  as  bio- 
chemical oxygen  demand  (BOD)  or  chemical  oxygen 
demand  (COD)  and  occasionally  in  terms  of  gas 
formation.  Changes  in  these  criteria  have  been 
used  to  evaluate  methods  for  stabilization  of  the 
waste.  However,  most  numerical  data  cited  in  the 
literature  include  bedding,  a  material  no  longer 
used  in  most  confinement  animal-production  units. 
In  any  event,  no  assurance  is  evident  that  even  these 
sparse  data  are  representative  of  feedlot  wastes  as 
they  exist  because  they  generally  represent  samples 
from  a  single  site. 

Feedlot  waste  contains  original  feed,  feed  in  all 
stages  of  digestion,  digestive  and  metabolic  products 
of  the  animal,  cells  and  products  of  microorganisms 
within  the  animal  and  those  active  on  the  deposited 
waste,  and  dirt.  Procedures  used  in  the  treatment 
and  disposal  of  municipal  sewage  have  been  applied 
to  animal  wastes,  unsuccessfully,  because  of  unrec- 
ognized fundamental  differences  between  sewage 
and  manure. 

The  studies  presented  in  this  publication  may 
contribute  to  the  need  for  more  detailed  informa- 
tion on  the  qualitative  and  quantitative  presence  of 
specific  classes  of  organic  compounds  and  inorganic 
constituents  in  feedlot  wastes. 


FEEDLOTS  AND  SAMPLING 


Feedlots 

Rationale  for  selecting  the  test  feedlots  was  based 
on  using  only  those  in  the  Central  and  Southwest- 


1  Microbiologist,  assistant  Center  director,  and  former 
chemist,  Northern  Regional  Research  Center,  Agricultural 
Research  Service,  U.S.  Department  of  Agriculture,  1815  N. 
University,  Peoria,  111.  61604. 


ern  States,  using  only  feedlots  of  over  1,000  head 
capacity,  and  using  feedlots  where  correlating  re- 
sults to  climate  could  be  attempted.  Emphasis  was 
placed  on  cattle  feedlots  because  the  large  quantity 
and  concentration  of  wastes  from  these  operations 
pose  pollution  hazards.  More  than  two-thirds  of  the 
beef  marketed  in  the  United  States  comes  from 
feedlots  of  over  1,000  head  capacity.  In  1976,  over 
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85  percent  of  all  cattle  were  in  feedlots  of  10  states: 
Texas,  Nebraska,  Kansas,  Iowa,  Colorado,  Califor- 
nia, Illinois,  Minnesota,  Arizona,  and  Oklahoma 
(in  decreasing  order);  55  percent  were  in  the  six 
Midwestern  States  listed.  Evaluation  of  the  feedlot 
waste  representative  of  circumstances  in  these  States 
was  therefore  desirable. 

Analytical  data  from  feedlots  should  reflect  vari- 
ations that  may  be  associated  with  the  type  of  physi- 
cal facilities  used,  diet  (including  antibiotics  and 
hormones),  and,  of  course,  type  of  animals  (cattle 
or  hogs).  To  obtain  definitive  data,  sampling  from 
a  given  feedlot  was  necessary  over  a  given  period. 
When  each  sample  was  taken,  information  on  the 
type  of  animal  and  its  diet  was  noted  for  correla- 
tion with  the  analytical  results.  Both  pristine  and 
standard  surface  samples  from  the  same  pen  on  one 
feedlot  were  examined  to  detect  changes  associated 
with  aging  of  waste. 

Usually  fewer  animals  are  involved  in  a  given 
feeding  operation  when  hogs  are  reared  in  confine- 
ment. Although  hog  feeding  generally  is  done  on 
individual  farms  with  sufficient  adjacent  land  for 
disposal  of  the  waste  as  fertilizer  or  irrigable  waste, 
proper  retention  and  efficient  stabilization  of  this 
waste  to  eliminate  odor  and  runoff  pollution  is  also 
a  major  concern.  This  problem  too  should  benefit 
from  information  on  composition. 

The  seven  cattle  and  two  hog  feedlots  selected 
were  from  the  major  cattle  producing  States  of  the 


Midwest  and  Southwest.  Cattle  feedlots  ranged  from 
1,500  to  100,000  head  per  feedlot.  The  general  in- 
formation at  these  feedlots  is  given  in  table  1. 

In  addition,  the  microbiology  of  waste,  runoff, 
and  associated  sites  of  an  eighth  cattle  feedlot  were 
examined  in  greater  detail.  This  feedlot  is  described 
in  the  section  on  microbial  analysis,  page  56. 

Sampling 

Each  sample,  approximately  5  lb  wet  weight,  was 
a  representative  composite  of  five  samples  from  a 
selected  pen  on  each  feedlot.  Where  possible,  the 
same  pens  were  sampled  for  all  four  collections 
(sampling  times).  The  fourth  collection  for  Feedlot 
H  was  from  a  nearby  feedlot  because  Feedlot  H 
ceased  operation. 

Samples  were  collected  with  a  clean  spade.  To 
avoid  cross  contaminating  one  feedlot  with  bacteria 
from  another,  the  spade  was  washed  with  soap  and 
water  followed  by  an  alcohol  rinse  after  each  sam- 
ple was  taken.  Samples  were  placed  in  12-  by  30-inch 
polyethylene  bags  and  were  mixed  by  kneading  the 
bag.  An  aliquot  for  bacteriological  analysis  was  re- 
moved from  the  mixed  sample  and  placed  in  a 
sterile  Whirlpak  bag;2  these  were  stored  in  an  ice 
chest  during  transit  and  later  in  a  refrigerator  until 
analyzed.  The  remainder,  destined  for  chemical 
analysis,  then  was  immediately  frozen  in  a  Dry  Ice 
chest  and  remained  frozen  until  analyzed. 


FRACTIONATION  OF  SAMPLES 


Weights  were  determined  by  drying  samples  at 
105°  C  to  constant  weight.  This  procedure  was  fol- 
lowed on  all  samples  and  fractions  were  kept  frozen 
in  appropriate  quantities  until  analytical  work  was 
done. 

Remove  150  g  (dry  wt)  from  the  frozen  sample 
and  dilute  to  1,000  ml  with  distilled  water  (15  per- 
cent solids).  Mix  well.  Let  stand  overnight  in  re- 
frigerator. Blend  3  min  at  high  speed  in  Waring 
Blendor.  Remove  a  13.3-ml  aliquot  and  a  6.7-ml 
aliquot  for  standard  waste  analyses. 

Fiber  Fraction 

Pass  the  remaining  980  ml  thru  an  8-inch,  20- 
mesh  screen  using  vacuum.  Rub  and  scrape  the  resi- 
due to  remove  most  of  the  liquid.  Reserve  screened 
filtrate  for  further  fractionation— material  remain- 
ing on  screen  is  the  fiber  fraction.  Remove  fiber 
fraction  from  screen  and  resuspend  in  distilled 


water  in  a  1,000-ml  beaker.  Transfer  to  a  tared 
1.000-ml  graduate  and  record  weight  and  volume. 
Transfer  fiber  fraction  to  blender  jar.  Reweigh 
graduate,  rinse,  and  add  weight  of  rinse  to  total 
weight  of  fraction,  and  add  rinse  to  fiber  fraction. 
Blend  briefly,  then  transfer  2  to  4  ml  to  tared  tube 
for  weight  determination.  Transfer  remainder  to 
plastic  cups  and  freeze. 

Soluble  Fraction 

Centrifuge  screened  filtrate  at  1 1,000  r/min  (aver- 
age 11,920  X  gravity)  for  10  min  after  reaching 
speed.  Decant  supernatant,  the  soluble  fraction, 
into  1,000-ml  graduate  and  record  weight  and  vol- 

-  Trade  names  are  used  in  this  publication  solely  to  provide 
specific  information.  Mention  of  a  trade  name  does  not 
constitute  a  guarantee  or  warranty  of  the  product  by  the 
U.S.  Department  of  Agriculture  or  an  endorsement  over 
products  not  mentioned. 


4 


ume.  Mix  and  transfer  about  5  ml  to  test  tube  for 
pH,  BOD,  and  COD.  Transfer  2  to  4  ml  to  tared 
tube  for  weight  determination.  Transfer  remainder 
to  plastic  cups  and  freeze. 

Particulate  Fraction 

Quantitatively  remove  centrifuged  residue,  the 
particulate  fraction,  with  the  minimal  volume  of 


distilled  water  (300  to  500  ml)  required,  transfer- 
ring to  tared  1,000-ml  graduate.  Record  weight  and 
volume.  Transfer  particulate  fraction  to  blender 
jar.  Reweigh  graduate,  rinse,  add  weight  of  rinse 
to  total  weight  of  fraction,  and  add  rinse  to  par- 
ticulate fraction.  Blend  briefly,  then  transfer  2  to  4 
ml  to  tared  tube  for  weight  determination.  Trans- 
fer remainder  to  labeled  plastic  cups  and  freeze. 


CHEMICAL  ANALYSES 


Methods 

Whole  waste  analyses  were  restricted  to  the  stan- 
dard waste  analyses.  All  other  analyses  were  done  on 
all  three  fractions  of  each  sample  except  as  noted. 
Chemical  analyses  and  sampling  of  Feedlots  A  to  I 
were  done  by  Denver  Research  Institute,  Denver, 
Colo. 

Standard  waste  analyses 

Total  solids,  volatile  solids,  and  ash.— Measure 
total  solids  by  drying  an  appropriate  quantity  of  a 
thoroughly  mixed  unfractionated  waste  sample  at 
105°  C  to  constant  weight.  Ash  the  dried  sample  at 
600°  for  1  h;  cool;  treat  with  1:1  nitric  acid,  which 
is  removed  by  drying  gently;  and  re-ash  at  600° 
for  10  min.  Repeat  the  nitric  acid  treatment  as  re- 
quired until  the  sample  is  free  of  carbon.  The  dif- 
ference in  weight  between  the  dried  weight  at  105° 
and  the  weight  of  the  resulting  ash  after  600°  repre- 
sents the  volatile  solids. 

Total  solids,  mg/g  (wet  basis) 

wt  of  dried  sample 

=  X  1,000 

wt  of  fresh  (wet)  sample 
Volatile  solids,  mg/g  (dry  basis) 

=  (total  dry  weight  —  wt  after  ashing)  x  1,000 
Ash,  mg/g  (dry  basis) 

wt  of  ash 

=  X  1,000 

wt  of  dried  sample 

pH  and  alkalinity.— Determine  the  pH  of  the 
13.3  ml  aliquot  of  the  15  percent  solids  unfrac- 
tionated waste  and  of  the  5-ml  aliquot  of  the  solu- 
ble fraction.  Reserve  the  aliquot  of  the  soluble  frac- 
tion for  BOD  and  COD  determinations.  Rinse  the 
aliquot  of  the  unfractionated  sample  into  a  100-ml 
beaker  and  dilute  to  about  50  ml  with  distilled 
water  to  improve  mixability.  Titrite  the  mixture  to 
pH  7  using  a  glass  electrode  pH  meter. 

Alkalinity  is  the  number  of  ml  of  1  N  HC1  or 
NaOH  required  to  neutralize  2  g  (dry  wt)  of  the 
waste. 

BOD  and  COD.-Dilute  the  6.7-ml  aliquot  of  the 
15  percent  solids  unfractionated  waste  and  the  5-ml 


aliquot  of  the  soluble  fraction  to  yield  a  1-percent 
solids  concentration  and  freeze  until  analyses  are 
done.  Determine  BOD5  and  COD  on  the  unfrac- 
tionated waste  and  soluble  fraction  samples  accord- 
ing to  the  procedure  described  by  the  Water  Pollu- 
tion Control  Federation  (•/£>). 3 

The  standard  COD  test  was  modified  by  reducing 
reagent  and  sample  volumes  to  2/5  the  usual  quan- 
tities and  shortening  the  oxidation  of  2  h  to  30  min. 
Use  of  a  10-ml  Class  A  microburet  permits  measure- 
ments with  a  precision  similar  to  that  of  the  stan- 
dard method.  Comparison  of  the  30-min  and  2-h 
values  shows  that  with  most  wastes  96  to  98  percent 
of  the  oxidation  is  complete  in  30  min. 
COD,  mg/g  (dry  basis)  = 

COD  of  aliquot  analyzed  x  dilution  factor  volume 
containing  1  g  of  dry  solids. 

Carbohydrate 

The  procedures  for  finding  the  soluble  sac- 
charides, based  on  procedures  by  Sloneker  (38,  39), 
and  for  determining  the  total  neutral  carbohydrate, 
including  cellulose  and  hemicellulose,  follow.  Pro- 
cedures for  determining  lignin  and  phytic  acid  also 
appear  below. 

Soluble  saccharides.— Prepare  standards  for  reten- 
tion time  and  detector  calibration  as  follows:  Ac- 
curately weigh  about  5  mg  of  glucose  and  5  mg  of 
sucrose  into  15-  by  125-mm  screw  cap  vials.  Add  1  ml 
of  inositol  standard  containing  5-mg  inositol  per 
ml.  Dry  standards  in  oven  at  70°  C.  Carry  these 
standards  along  with  sample  determinations. 

Weigh  accurately  30  to  50  mg  of  dried  fraction 
into  a  12-ml  centrifuge  tube.  Extract  each  sample 
four  times  with  5  ml  (each  time)  80-percent  metha- 
nol, warming  sample  to  about  50°  C,  and  dispers- 
ing well  with  a  glass  rod.  Centrifuge  (filter  if  neces- 
sary) after  each  extraction,  decant  and  combine  re- 
spective supernatants.  Retain  extracted  solids  in 
tared-screw  capped  tube  for  cellulose  determina- 

3  Italic  numbers  in  parentheses  refer  to  References,  p.  93. 
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tion.  To  the  combined  respective  supernatants  add 
0.2-ml  inositol  internal  standard  containing  5  mg 
inositol  per  ml.  Reduce  volume  to  about  2.0  ml  by 
evaporation  under  dry  air  stream  in  N-evaporator 
at  65°. 

Prepare  Pasteur  pipette  mixed  bed  ion  exchange 
column  H"  and  OH-  phase  (1:1)  and  pass  concen- 
trate through  column  into  2-dram  vial.  Evaporate 
to  dryness  as  described  above.  Add  0.25-ml  Tri  Sil, 
cap  vial  and  warm  to'  about  50°  C  for  about  15 
seconds;  let  stand  15  min.  Inject  0.2  for  gas 
chromatographic  analysis. 

Gas  chromatographic  conditions  were  column, 
84-  by  1/16-inch  OV-1  3  percent  on  80-  to  100-mesh 
chromosorb  w,  8  ml/m  Helium  carrier  flow;  single 
FID,  60  ml/m  H2,  250  ml/m  air,  110  ml/m  make- 
up He;  300°  C;  flash  vaporizer  =  280°;  column 
temperature  program  105°  to  235°  in  12  min;  inte- 
grate peaks  after  elution  of  solvents. 
Determined  k  values  were  glucose  =  1.12  and  sucrose  =  0.96 
Calculate  glucose: 
mg  glucose/g  =  area  counts  glucose  x  wt  inositol  X  1,000 
area  counts  inositol  x  wt  sample  x  * 

Calculate  oligosaccharides  as  sum  of  peaks  elut- 
ing  after  inositol  and  calculate  similar  to  above. 

Total  neutral  carbohydrate.— Prepare  standards 
for  retention  time  and  detector  calibration  as  fol- 
lows: Accurately  weigh  approximately  5  mg  of  each 
standard  saccharide  into  a  15-  by  125-mm  screw  cap 
vial.  Add  1  ml  of  inositol  standard  containing  5  mg 
inositol  per  ml.  Dry  samples  in  oven  at  70°  C. 
Carry  these  standards  along  with  sample  determi- 
nations. 

Prepare  samples  for  gas  chromatographic  analysis 
as  follows:  Accurately  weigh  30  to  50  mg  of  sample 
into  15-  by  125-mm  screw  cap  vial.  Add  0.3  ml  72- 
percent  H2S04  and  heat  to  30°  C  for  1  h.  Disperse 
sample  thoroughly  with  glass  rod  during  heating 
period.  Add  7.4  ml  water  and  1.0  ml  of  inositol 
internal  standard.  Cap  vials  and  heat  1  h  in  oven 
at  120°.  Centrifuge  and  transfer  2  ml  of  each 
sample  to  individual  12-ml  centrifuge  tubes.  Add 
solid  lead  carbonate  to  neutralize  the  H2S04.  Cen- 
trifuge and  decant  into  clean  centrifuge  tubes.  Add 
to  each  tube  0.5  ml  sodium  borohydride  (~40  mg/ 
ml)  and  let  stand  1  h.  Destroy  excess  borohydride 
by  adding  N  acetic  acid  until  effervescence  ceases. 

Prepare  ion  exchange  column  for  each  sample 
from  a  Pasteur  pipette.  Place  small  glass  wool  plug 
in  pipette.  Prepare  slurry  of  AG  —  50  by  4  H+  form 
(200  to  400  mesh)  in  water.  Pour  resin  into  pipette 
to  column  depth  of  IV2  inches.  Transfer  the  boro- 
hydride reduced  sample  to  column  using  bulb  and 


pipette  to  make  transfer.  Collect  effluent  in  15-  by 
125-mm  screw  cap  vial.  Wash  each  column  after 
sample  with  1  ml  H20  and  collect  water  wash. 
Evaporate  sample  to  dryness  at  70°  C  in  oven.  Re- 
move borate  by  adding  1  ml  methanol  and  evapo- 
rating sample  to  dryness.  Do  this  three  times.  Pre- 
pare acetylation  mixture  (1:1  pyridine-acetic  anhy- 
dride) and  add  0.2  ml  to  each  vial.  Cap  vials  and 
heat  in  oven  16  h  at  120°.  Inject  0.2  \d  of  acetyla- 
tion mixture  for  gas  chromatographic  analysis.  Use 
chromatographic  conditions  given  in  soluble  sac- 
charide section. 

,     .  ,  ,        As  X  Wi  X  C  X  1,000 
mg  saccharide  Is  =   -  -   ' 

Aix  ll'sx^ 

As,  Ai  =  area  of  saccharide  and  internal  standard  (inositol) 
Ws,  Wi  =  wt  of  sample  and  internal  standard 

C  =  conversion  factor;  0.88  for  pentose,  0.90  for  hexose 
k  =  detector  response 

mg  inositol  X  area  count  for  saccharide 

mg  saccharide  x  area  count  for  inositol 
average   k   value   determinations:   arabinose,  0.942;  xylose, 
0.817;  mannose,  0.838;  galactose,  1.520;  glucose,  0.881. 

Hemicellulose  is  calculated  as  the  sum  of  the 
nonglucose  saccharides. 

Cellulose.— Determine  weight  of  sample  in  tube 
reserved  from  soluble  saccharide  determinations. 
Add  3  ml  of  mixture  of  150  ml  80  percent  acetic 
acid  and  15  ml  cone.  HNO3.  Disperse  sample  with 
glass  rod,  cap,  and  heat  30  min  in  oven  at  100°  C. 
Cool,  centrifuge,  decant,  and  discard  supernatant. 
Wash  two  times  each  with  3  ml  of  the  acetic  acid- 
nitric  acid  solution.  Wash  concentrate  two  times 
with  2  ml  of  acetone.  Evaporate  the  acetone.  Ana- 
lyze the  residue  as  described  for  neutral  carbohy- 
drates. 

mg  cellulose/g  = 

glucose  area  counts  X  wt  inositol  X  0.9  X  1.000 
inositol  area  counts  X  sample  wt  X  0.881 
Lignin.— The  procedure  for  determining  lignin 
in  the  fiber  and  particulate  fractions  is  based  on  a 
modification  by  Sloneker  and  others  (40)  of  the 
method  of  Van  Soest  (45).  The  method,  with  minor 
changes,  is  as  follows:  Weigh  1  g  lyophilized  sam- 
ple (dry,  finely  divided  powder)  and  200  mg  filter- 
paper  pulp  (S  and  S  No.  289  Ash-free).  Add  50  ml 
acid  detergent  solution  and  1  ml  decalin.  Heat  to 
boiling  on  hot  plate  for  5  to  10  min.  Stir  as  foaming 
begins.  Boil  about  1  min.  Heat  12i/2  min  in  auto- 
clave at  120°  C.  Cool  to  room  temperature.  Filter 
through  Whatman  No.  42  ashless  paper  in  a  2-inch 
Buchner  funnel  with  aspirator  vacuum.  Rinse  the 
beaker  and  wash  the  mat  with  50  ml  95°  water, 
stirring  to  break  up  the  mat  on  the  filter  to  get 
good  washing  contact.  Repeat  rinse  step.  Let  funnel 
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cool  a  few  minutes.  Add  30  ml  reagent-grade  ace- 
tone and  stir  to  get  good  contact.  Repeat  acetone 
step  twice  more,  or  as  often  as  necessary  to  obtain 
colorless  filtrate.  Pull  air  through  the  filter  until 
nearly  dry,  then  transfer  funnel  to  dry  10  min  in 
an  80°  oven.  Remove  and  let  cool. 

Flip  the  dry  filter  paper  into  7.5  ml  72  percent 
H2S04  in  a  400-ml  beaker,  which  is  beina;  cooled  in 
an  ice  bath.  Stir  with  glass  rod  to  get  contact.  Re- 
move from  ice  bath.  Leave  rod  in  beaker.  Beat  and 
stir  periodically  to  break  up  lumps  and  homogenize. 
Transfer  to  a  600-ml  beaker,  using  278  ml  distilled 
H20  to  effect  quantitative  transfer  and  washing  of 
the  beaker.  Use  a  rubber  policeman  to  assist  in  the 
transfer.  This  transfer  is  necessary  to  prevent  boil- 
ing over  in  the  next  step  of  autoclaving. 

Autoclave  1  h  at  120°  C  with  heavy  Pyrex  watch 
glass  on  top  of  beaker.  Cool  to  room  temperature. 
(This  step  condenses  lignin  and  hydrolyzes  the 
cellulose.)  Filter  with  suction  through  XF  or  XFF 
Selas  porcelain  frit  crucible.  Wash  with  water  (50 
to  100  ml)  until  washings  are  free  of  acidity.  Dry  1 
h  in  oven  (110°).  Cool  in  desiccator  over  silica  gel 
or  other  desiccant. 

Weigh  to  obtain  lignin  plus  inorganics  insoluble 
in  acid.  Ignite  in  muffle  furnace  at  500°  C  for  2  h. 
Cool  in  desiccator  over  silica  gel.  Weigh  to  obtain 
residue.  Lignin  is  the  weight  loss  during  ashing. 

Lignin  (mg/g  dry  sample)  = 

(wt  lignin  +  inorganic)  (g)  —  wt  inorganic  (g)      1,000  mg 

 X  

dry  wt  sample  (g)  g 

Phytic  acid  (as  inositol).— The  following  proce- 
dure is  based  on  a  method  by  Sloneker  (39).  Use 
dry  ground  fractions.  Weigh  accurately  0.5  g  of 
material  into  15-ml  centrifuge  tube.  Add  10  ml  0.5 
N  H2S04,  stopper  and  shake.  Let  stand  —'15  min 
with  occasional  shaking.  Centrifuge  (filter  through 
glass  wool  plug,  if  necessary).  Collect  liquid  phase 
in  S/C  tubes  (Corning  No.  9826).  Repeat  H2S04 
addition  and  combine  filtrates.  Reduce  the  liquid 
volume  to  —10  ml  with  N2  in  N-evaporator  at 
—65°  C.  Adjust  pH  to  3  with  concentrated 
NH4OH.  Cap  and  hydrolyze  — 15  h  (overnight)  at 
120°.  Cool  and  pass  through  mixed  bed  ion  ex- 
change column  (Pasteur  pipette)  and  dry  under  N2 
in  N-evaporator  at  65°. 

For  gas  chromatogram  calibration  standard,  add 
1  mg  inositol  to  No.  9826  tube.  Add  exactly  1  ml 
acetic  anhydride-pyridine  (1:1)  to  each  of  the  dried 
samples.  Cap  tightly  and  heat  overnight  at  100°  C. 
Cool.  For  gas  chromatographic  analysis,  inject  1  ij.l 


onto  3  percent  ECNSS-M  (on  column)  6-ft  column 
at  180°  and  40  ml/min  He. 
X 

Inositol  =  ; 

I  x  w 

C  <N  s 

where  X  =  integrator  counts  ^l  injection  of  sample 
I  =  integrator  counts/^  injection  of  inositol 
calibration  solution 
Ws  =  sample  weight 

Nitrogen  compounds 

Total  nitrogen.— Determine  total  nitrogen  of  all 
three  fractions  of  each  sample  by  the  AOAC  Kjel- 
dahl  method  (6).  Total  nitrogen  of  whole  feedlot 
waste  (mg  N/g  sample,  dry  basis)  is  obtained  by 
summing  the  nitrogen  contributed  by  all  three  frac- 
tions; each  fraction's  contribution  is  its  total  nitro- 
gen content  (dry  basis)  multiplied  by  its  percentage 
of  the  total  solids  in  the  whole  sample. 

Total  and  free  amino  acids.— Lyophilized  samples 
of  the  waste  fractions  were  sent  to  Analytical  Bio- 
chemistry Laboratories,  Inc.,  Columbia,  Mo.  Analy- 
sis of  lyophilized  samples  generally  followed  appro- 
priate methodology  outlined  by  Kaiser  and  others 
(30).  Recent  advances  in  esterification  and  in  col- 
umn packing  were  also  employed  according  to 
Gehrke  and  others  (22,  23).  Modification  of  the 
usual  cleanup  procedure  was  required.  The  follow- 
ing procedure  was  successful. 

Procedure:  Reflux  the  lypholized  samples  with  80 
percent  EtOH.  Filter  sample  through  a  glass  fiber 
filter  paper  and  take  the  extract  to  dryness  on  a 
roto  evaporator.  Reconstitute  dried  extract  with  10 
ml  of  0.1  Ar  HC1.  Place  sample  solution  in  an  ultra- 
sonic bath  about  30  seconds  and  then  refilter 
through  glass  fiber  filter  paper.  Pass  filtrate  through 
a  cation  exchange  resin  for  further  cleanup.  Form 
the  n-butyl-N-trifluoracetyl  derivative  and  do 
chromatography  on  a  dual  column  system. 

Nonprotein  nitrogen.— Analyses  were  carried  out 
only  on  the  soluble  fraction.  Ammonia  was  calcu- 
lated in  a  manner  similar  to  total  nitrogen.  The 
sum  of  ammonia  plus  urea-nitrogen  was  calculated 
in  a  manner  similar  to  total  nitrogen;  urea-nitrogen 
was  found  by  difference.  AACC  methods  were  em- 
ployed (2). 

Nitrate  and  nitrite  are  determined  by  ASTM 
colorimetric  methods  (4,  5).  However,  clarification 
is  required  to  reduce  background  color  and  tur- 
bidity of  samples  before  analysis.  The  colorimetric 
procedures  for  both  ions  were  satisfactorily  applied 
to  samples  clarified  by  the  procedure  below  without 
further  modifications  (other  than  a  proportional 
reduction  in  volumes  of  sample  and  reagents  to  a 
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workable  level  in  the  case  of  nitrite  method). 

Clarification  procedure:  Place  either  a  1.5-  or 
3.0-ml  aliquot  of  the  soluble  fraction  in  a  50-ml 
Erlenmeyer  flask.  Use  3.0  ml  if  the  dry  weight  of 
the  soluble  fraction  is  less  than  4  percent  of  its  wet 
weight;  use  1.5  ml  if  the  dry  weight  is  4  percent 
or  more  (more  dense,  fresher  samples).  Bring  the 
volume  in  the  flask  to  15  ml  with  distilled  water. 
Add  15  ml  Al(OH)3  gel  (prepared  according  to 
ASTM  Method  D  1254-67  for  nitrite  ion).  Mix, 
then  allow  to  stand  several  minutes.  Transfer  to 
test  tubes  and  centrifuge  at  high  speed  (clinical 
type  centrifuge)  5  min.  Pass  through  Whatman  No. 
41  paper  to  remove  remaining  floating  particles. 
Solutions  should  now  be  clear,  but  may  contain  a 
trace  of  color.  Carry  a  reagent  blank  through  the 
procedure. 

A  5-ml  clarified  sample  was  used  for  both  nitrate 
and  nitrite.  The  weight  of  sample  (dry  basis)  per 
5  ml  varied  with  each  sample  but  usually  was  0.01 
g  or  more  per  5  ml  clarified  sample.  In  the  case  of 
nitrate,  nitrate-nitrogen  can  be  detected  at  0.5  pig, 
giving  rise  to  a  sensitivity  of  0.05  mg  N03-N/g 
sample,  dry  basis.  With  nitrite,  0.02  pig  nitrite-nitro- 
gen can  be  detected  giving  rise  to  a  sensitivity  of 
0.002  mg  N02-N/g  sample,  dry  basis. 

Amines.— Samples  were  adjusted  to  pH  10  with  N 
KOH  and  extracted  with  ether.  The  ether  solution 
was  dried  with  Na2S04.  The  ether  was  removed  and 
the  sample  acetylated.  Subsequent  analysis  of  the 
samples  by  gas  chromatography  showed  only  traces 
of  eluting  components  that  may  have  been  amines. 
Insignificant  quantities  of  free  amines  were  present. 

Lipid 

Total  lipid  on  neutralized  and  dried  fractions.— 

Weigh  into  a  15-ml  centrifuge  tube  a  neutralized 
portion  of  each  fraction.  The  solids  content  should 
be  0.5  g  or  greater.  Carefully  dry  the  samples  at 
105°  C.  Loosen  the  dried  sample  from  the  tube 
walls  and  pulverize  sample  as  much  as  possible  with 
spatula  and  glass  rod.  Add  10  ml  of  chloroform- 
methanol  (3:1)  solution,  close  tube,  and  mix 
thoroughly.  Mix  several  times  during  24  h.  Centri- 
fuge the  sample  and  decant  into  a  clean  centrifuge 
tube.  Reduce  supernatant  volume  to  about  1  ml  at 
45°  under  flowing  nitrogen.  Extract  the  centrifuged 
solids  for  1  h  with  the  chloroform-methanol,  centri- 
fuge, and  combine  supernatants;  repeat  until  su- 
pernatant is  clear.  Evaporate  the  volume  of  com- 
bined supernatants  to  about  2  ml,  quantitatively 
transfer  to  a  tared  vial,  and  remove  the  remaining 


solvent  under  flowing  nitrogen. 

Dry  at  50°  C  to  constant  weight,  weigh  and  cal- 
culate total  lipid  for  each  fraction, 
mg  neutral  lipids/g  dry  basis  = 

wt  total  lipid  in  fraction  (g) 

 x  i.ooo 

wt  of  dry  sample  from  fraction  (g) 

Reported  values  may  be  low  because  the  chloro- 
form-methanol solvent  does  not  appear  to  penetrate 
the  dried  particles  (no  particle  softening  or  swell- 
ing was  readily  noted)  and  because  some  color  still 
was  observed  in  the  fresh  extracting  solvent  after 
three  or  four  batch-type  extractions.  Although 
more  time  consuming,  long-term  continuous  extrac- 
tion may  be  better  than  the  method  used. 

Neutral  lipid  on  acidified  fractions.— About  10 
ml  of  the  undried  fraction  is  weighed  into  an  18-  by 
150-mm  test  tube.  The  sample  is  acidified  to  pH  4 
with  N  HC1.  About  10  ml  diethyl  ether  is  added  to 
the  tube,  the  tube  stoppered  and  shaken  thor- 
oughly. Many  of  the  samples  form  persistent  emul- 
sions. Steps  taken  to  attain  phase  separation  were 
(a)  saturation  with  NaCl,  (b)  centrifugation,  (c) 
chilling  or  heating,  (d)  addition  of  hexane  to  the 
ether,  and  (e)  dilution  of  the  emulsion  with  ether. 
After  phase  separation,  the  ether  is  transferred  by 
syringe  to  a  15-ml  centrifuge  tube.  Repeat  extrac- 
tion until  the  ether  phase  is  colorless.  The  com- 
bined ether  extracts  for  each  sample  are  evaporated 
to  about  5  ml  under  flowing  nitrogen.  Sodium  sul- 
fate is  added  to  dry  the  ether  solution.  The  tube  is 
centrifuged  to  pack  the  sulfate  and  the  ether  de- 
canted into  tared  weighing  vials.  The  sulfate  is 
washed  with  ether  until  colorless.  The  combined 
washings  are  dried,  weighed,  and  calculated  as 
mg  neutral  lipids  g  drv  basis  = 

wt  of  neutral  lipid  in  fraction 

1,000  x  

calculated  dry  wt  of  fraction 

Reported  values  may  be  low  because  the  emulsi- 
fied phase  was  impossible  to  break  completely  in 
some  analyses  and  undoubtedly  contained  lipid  ma- 
terial lost  to  the  analysis.  A  liquid-liquid  concen- 
tration may  be  a  more  efficient  but  time  consuming 
method. 

Free-fatty    acids    on    acidified    fractions.— The 

weighed  quantity  of  neutral  lipids  (preceding  sec- 
tion) was  put  into  solution  in  a  measured  volume 
of  benzene.  A  measured  quantity  of  this  dilution 
was  removed  to  a  clean,  dry  vial.  The  benzene  was 
removed  by  evaporation  under  nitrogen.  After 
evaporation  about  0.2  ml  N,  O-Bis-(trimethyl)- 
acetamide  (BSA)  was  added,  the  vial  capped,  shaken 
and  warmed  briefly  to  about  40°  C. 
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The  sample,  1  jxl,  was  chroma tographed  by  the 
procedure  patterned  after  Tallent  and  Kleiman 
(44).  The  gas  chromatographic  conditions  were 
column,  20-  by  l/^-inch  OD  3  percent  OV-1  on  80 
to  100  m  chromosorb  w  (dual  column);  column 
flow,  40  ml/m  He;  column  temperature,  110°  C  to 
320°  at  7°/min;  detector,  dual  flame  ionization, 
temperature  =  350°;  and  injector,  350°.  After 
sample  injection  and  after  the  BSA  peaks  emerged, 
peak  area  integration  was  initiated.  Component 
identification  was  made  by  retention  time  compari- 
son with  standards.  The  quantity  of  each  compo- 
nent peak  was  calculated  as  its  area  fraction  of  the 
total  integrated  area  of  the  sample. 

Gas  chromatographic  analysis  of  the  neutral  lipid 
fractions  showed  a  significant  amount  of  material 
eluting  between  the  monoglyceride  and  the  diglyc- 
eride  peaks.  This  material,  reported  as  "other" 
in  the  neutral  lipid  analyses,  was  not  identified.  It 
also  appeared  in  the  chromatograms  of  the  un- 
saponified  fraction. 

Unsaponifiables.— Saponify  acidified  fractions. 

Elemental 

Oxidation  of  samples  before  analysis.— To  mea- 
sure the  desired  inorganic  constituents,  two  wet  oxi- 
dations using  two  different  acid  systems  were  em- 
ployed. The  first  system  used  perchloric-nitric-hy- 
drochloric acids  in  an  open  Kjeldahl  flask  (29). 
Though  designed  primarily  for  sulfur,  this  digest 
also  proved  satisfactory  in  the  analysis  of  calcium, 
copper,  potassium,  sodium,  and  phosphorus.  The 
second  method  used  sulfuric  and  nitric  acids  and 
was  designed  primarily  for  the  volatile  element 
mercury  (7).  A  funnel  with  side  tube,  mounted  over 
the  oxidation  flask,  was  used  to  concentrate,  then 
return  acids  and  water,  which  distilled  over.  A  re- 
flux condenser  was  mounted  above  the  funnel  to 
prevent  losses  of  volatile  elements.  Larger  quan- 
tities of  material  were  more  safely  oxidized  than 
with  the  perchloric  acid  system.  Therefore,  those 
elements  expected  only  in  trace  quantities,  as  well 
as  those  of  known  high  volatility,  were  measured 
in  the  sulfuric-nitric  digest  because  it  contained 
four  times  the  sample  weight  per  unit  volume. 
These  included  arsenic,  lead,  mercury,  selenium, 
and  boron. 

Oxidation  procedure  with  perchloric  acid.— Place 
0.1  to  0.2  g  (dry  wt  equivalent)  of  sample  into  a 
100-ml  Kjeldahl  flask.  Add  several  carborundum 
chips.  Add  2  ml  concentrated  nitric  acid  and  1  ml 
72  percent  perchloric  acid.  Digest  slowly  over  gas 


or  electric  heater  to  fumes  of  HC104.  Oxidize  an 
additional  hour.  Cool.  Add  3  ml  6  N  HC1.  Reboil 
until  fumes  of  HC104  form.  Cool.  Dilute  sample 
digest  in  a  graduated  mixing  cylinder  to  contain 
0.100  g  (dry  wt)  per  20  ml. 

Oxidation  procedure  with  sulfuric  acid.— Place 
1  to  2  g  (dry  wt  equivalent)  of  sample  into  250-ml, 
flat-bottomed,  boiling  flask.  Add  several  carborun- 
dum chips.  Boil  to  reduce  volume  to  15  ml  or  less 
if  required.  Cool.  Add  10  ml  concentrated  nitric 
acid.  Attach  separatory  funnel  containing  5  ml  con- 
centrated sulfuric  acid  and  reflux  condenser.  Boil 
sample  several  minutes,  then  add  the  H2S04  when 
boiling  is  smooth.  With  stopcock  open,  boil  sample 
briefly  to  flush  funnel,  then  close  stopcock  and  col- 
lect distillate  until  H2S04  fumes.  Maintain  oxidiz- 
ing conditions  in  the  flask  by  occasional  additions 
of  the  distillate  back  into  the  flask  until  the  digest 
clears  and  is  no  more  than  pale  yellow.  Drain  distil- 
late back  into  digest  and  reflux  until  most  of  the 
N02  is  evolved.  Add  2  ml,  33  percent  urea  and  re- 
flux 10  min.  Cool.  Rinse  funnel  with  distilled 
water.  Transfer  sample  to  a  100-ml  graduated  mix- 
ing cylinder,  filter  silica  granules  out  with  glass 
wool  plug,  and  dilute  to  contain  1  g  sample  (dry  wt) 
per  50  ml. 

Metals  determined  by  atomic  absorption  spectro- 
photometry.—Atomic  absorption  analyses  were  per- 
formed with  a  Perkin-Elmer  Model  303  spectro- 
photometer equipped  with  a  single-slot  burner  and 
with  air-acetylene  as  the  burner  mixture.  The  in- 
strumental conditions  and  method  of  analysis  fol- 
lowed the  standard  conditions  of  analysis  for  each 
element  as  set  forth  in  the  Perkin-Elmer  Methods 
Manual  supplied  with  the  instrument.  Optical 
alignment  and  burning  conditions  were  optimized 
for  each  analysis  as  described  in  the  manual. 

Sodium,  potassium,  and  calcium  were  measured 
on  a  dilution  of  the  perchloric  acid  digest,  which 
was  prepared  to  a  0.1  g/ml  concentration;  copper 
was  determined  in  the  more  concentrated  digest 
solution.  Lead  and  mercury  were  measured  on  the 
sulfuric-nitric  digest  by  forming  an  organic  com- 
plex, extracting  with  methyl  isobutyl  ketone,  and 
reading  the  metal  content  of  this  organic  solution 
against  standards  prepared  in  the  same  way. 

Chloride.— The  mercuric  nitrate  titrimetric 
method  of  Cheng  (17)  was  used  following  partial 
clarification  of  the  sample  by  means  of  an  alumi- 
num hydroxide  gel.  This  was  checked  by  spiking 
several  of  the  samples  with  known  amounts  of 
chloride.  Recoveries  were  complete. 
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Method:  Transfer  7  to  10  ml  sample  of  each  frac- 
tion to  a  tared  50-ml  Erlenmeyer  flask.  Use  2  to  3 
ml  of  soluble  fraction,  except  for  hog  samples 
which  tend  to  be  lower  in  chloride.  R.ecord  sample 
weight.  Add  approximately  an  equal  amount  of 
Al(OH)3  gel,  reweigh  and  record  diluted  sample 
weight.  "Fresher"  soluble  fraction  samples  will  re- 
quire about  twice  as  much  gel  for  adequate  clari- 
fication. Mix  well,  then  transfer  to  test  tubes  and 
centrifuge  at  high  speed  (clinical  type  centrifuge) 
5  min.  Decant  supernatant  into  a  tared  100  ml 
beaker.  Record  weight  of  filtrate.  Some  color  and 
turbidity  can  be  tolerated.  Add  95  percent  ethanol 
in  the  ratio  of  1  part  sample:  4  parts  ethanol.  Ad- 
just to  pH  3.5  ±  0.2  with  dilute  HX03.  Add  10 
drops  indicator  for  each  10  ml  filtrate.  Titrate  with 
standard  Hg  (N03)2,  approximately  0.02  .V  to  the 
red-violet  endpoint  using  a  10  ml  microburet. 

Compute  the  sample  weight  (dry  basis)  analyzed. 

mg  CI  g.  dry  basis  =  <ml  titran^  E  giyggak  (35-45) 
g  sample,  dry  basis 

Although  the  two  methods  compared  quite  well, 
the  Volhard  titration  method  according  to  the 
AOAC  (8)  was  not  used  because  the  unpredictable 
chloride  content  required  a  large  number  of  repeat 
analyses  and  the  endpoint  was  difficult  to  determine 
in  the  presence  of  interfering  colors. 

Sulfur,— The  barium  chloranilate  method  was 
subject  to  considerable  interference  and  lack  of  re- 
producibility. It  was  abandoned.  A  barium  sulfate 
turbidity  method  (22)  was  simplified  and  success- 
fully applied  with  an  average  error  not  exceeding 
±  10  percent.  Three  separate  low  level  (10  |xg) 
standards  were  carried  through  the  oxidation  pro- 
cedure and  90  to  95  percent  of  each  was  recovered. 

Method:  Place  a  1  ml  aliquot  of  digest  in  a  test 
tube  and  add  11  ml  distilled  water.  Add  1  ml  20 
percent  BaCl2  in  2  percent  HC1  (v/v)  and  mix.  Read 
within  30  min  on  a  suitable  spectrophotometer  in 
5  cm  cells  at  400  my.  against  a  reagent  blank.  Carry 
0  to  100  ;j.g  of  sulfate-sulfur  through  the  above  pro- 
cedure for  use  as  a  standard  curve. 

1  ml  digest  contains  5  mg  sample  (dry  basis)  . 

mg  S  per  g  sample  (dry  basis)  =  "Xerograms  S  found 

5  mg  sample 

Phosphorus.— The  perchloric  acid  digest  was 
analyzed  by  the  stannous  chloride  method  (3).  That 
method  shows  interference  from  some  strong  oxidiz- 
ing agents,  such  as  peroxides  and  nitrates,  but  mod- 
erate amounts  of  perchlorate  can  be  tolerated,  as 
indicated  by  a  similar  method  (22)  which  uses 
perchloric  acid  as  oxidant. 

Subtract  absorbance  caused  by  reagent  blank  and 


obtain  micrograms  phosphorus  found  in  aliquot 
analyzed.  Determine  weight  of  sample  analyzed; 
there  is  an  0.10  g  sample  (dry  wt)  in  20  ml  digest, 
mg  phosphorus  per  g  sample  (dry  basis)  = 

micrograms  phosphorus  found  in  aliquot  analyzed 
mg  sample  analyzed 

Boron.— The  colorimetric  reagent  of  choice  is 
1,1'  dianthrimide  because  of  the  lower  level  of  inter- 
ference from  the  reagent  itself,  yielding  lower  re- 
agent blanks  and  greater  sensitivity.  The  method 
of  Ellis  and  others  (20)  was  applied  to  2.5  ml  of 
the  H2SO4  digests;  an  additional  oxidation  step, 
described  under  wet  digestion  of  the  sample  in  the 
reference,  was  required  to  remove  interfering  ni- 
trates and  expell  excess  water. 

Subtract  absorbance  caused  by  reagent  blank  and 
obtain  micrograms  boron  in  2.5  ml  sample  from 
standard  curve.  2.5  ml  digest  contains  50  mg  sample 
(dry  basis). 

,  ,         ,    .  ,       micrograms  boron  found 

mg  boron  per  g  sample  (dry  basis)  =   2  

50  mg  sample 

Arsenic— Digests  prepared  under  reflux  condi- 
tions are  unsuitable  for  distillation  of  arsenic  be- 
cause of  retention  of  H2S  and  other  compounds 
containing  mercapto  groups  that  complex  with 
arsenic  and  prevent  its  distillation  (31).  Therefore, 
10  ml  of  each  digest,  equivalent  to  0.20  g  sample, 
dry  basis,  was  placed  in  a  Kjeldahl  flask  and  boiled 
to  fumes,  cooled  briefly,  4  drops  30  percent  H202 
added  and  the  sample  again  boiled  to  fumes.  The 
digests  were  then  diluted  to  40  ml  and  transferred 
to  250-ml,  flat-bottomed,  boiling  flasks  for  arsine 
distillation  according  to  the  Food  Chemicals  Codex 
procedure  (34). 

Subtract  absorbance  caused  by  reagent  blank  and 
obtain  micrograms  arsenic  in  10  ml  sample  from 
standard  curve.  A  10-ml  digest  contains  200  mg 
sample  (dry  basis). 

,  ,    , ,     ,     .  ,      micrograms  As  found 

mg  As  per  g  sample  (drv  basis)  =  2  -  

5      ^     e       H    v    '         '  200  g  sample 

Selenium.-Considerable  difficulty  was  experi- 
enced in  the  determination  of  selenium  by  atomic 
absorption.  Selenium  was  therefore  determined 
colorimetrically  by  the  method  of  Cheng  (18).  This 
method  is  less  subject  to  interference  and  more  sen- 
sitive than  the  atomic  absorption  method. 

Nucleic  acids  and  their  components 

Separation  of  nucleic  acids  from  proteins,  lipids, 
and  so  forth.— Cells  in  the  fiber  and  particulate 
fractions  were  broken  by  alternate  freezing  and 
thawing.  The  material  containing  ruptured  cells 
then  was  lyophilized  to  obtain  a  dry  sample  for 
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analysis.  Place  5  g  of  sample  in  chilled  (0°  C) 
blender  jar  with  100  ml  10  percent  trichloroacetic 
acid  (TCA).  Blend  2  min,  two-thirds  of  time  at 
medium  speed,  finishing  up  at  full  speed. 

Transfer  slurry  to  chilled  250-ml  polycarbonate 
centrifuge  bottle.  Rinse  blender  jar  with  20  ml  cold 
10  percent  TCA  and  add  rinsings  to  centrifuge 
bottle.  Centrifuge  10  min  at  10,000  r/min  at  2°  C. 
Decant  into  a  500-ml  Erlenmeyer  flask  through  a 
loose  plug  of  glass  wool.  To  the  residue  in  the  cen- 
trifuge bottle  add  80  ml  of  cold  5  percent  TCA. 
Scrape  the  sediment  from  the  sides  with  a  spatula. 
Blend  until  homogeneous  with  a  laboratory  stirrer. 
Centrifuge  and  decant  into  the  previous  extract 
(Erlenmeyer  flask)  as  in  steps  above.  Repeat  residue 
resuspension  using  50  ml  of  cold  5  percent  TCA, 
centrifugation,  and  decantation  as  above.  This  gives 
a  total  extract  of  about  270  ml.  Filter  the  extract 
once  through  a  medium  glass  frit  funnel  and  lyo- 
philize  (for  determination  of  purine-pyrimide  com- 
pounds). 

Wash  any  solids  from  the  frit  with  5  to  10  ml  of 
95  percent  ethanol  (EtOH)  into  a  250-ml,  glass,  cen- 
trifuge tube.  Transfer  all  solids  from  the  polycar- 
bonate centrifuge  tubes  into  the  glass  tubes  by 
using  minimal  (50  to  75  ml)  amounts  of  5  percent 
TCA  to  wash  the  solids  out.  Centrifuge  to  sepa- 
rate the  liquid,  which  is  discarded  by  decantation. 

To  the  solids  add  25  ml  EtOH  saturated  with 
sodium  acetate.  Stir  with  laboratory  stirrer 
until  homogeneous.  Centrifuge  at  2,000  r/min  for 
15  min.  Decant  and  discard  the  liquid  phase.  Re- 
peat solids  washing  step  using  the  following  solvents 
in  order  instead  of  EtOH:acetate:  (1)  reagent  grade 
acetone;  (2)  EtOH:CHCl3  (3:1,  v/v);  (3)  repeat  (2); 
(4)  EtOH  saturated  with  sodium  acetate;  (5)  EtOH: 
ether  (3:1,  v/v);  (6)  repeat  (5);  (7)  repeat  (4);  (8)  if 
there  is  any  color  in  the  liquid  phase,  repeat  (5); 
(9)  ether;  (10)  if  there  is  any  color  in  the  ether,  re- 
peat (9)  and  then  (4).  Dry  the  solids  in  air  or 
vacuum.  Transfer  to  weighed  vials  and  weigh.  Store 
in  refrigerator  in  capped  vial  (for  separation  of 
deoxyribonucleic  acid  (DNA)  and  ribonucleic  acid 
(RNA)  from  other  solids).  This  extensive  extraction 
removed  16  and  24  percent  of  soluble  materials 
from  the  fiber  and  particulate  fractions,  respectively, 
of  both  the  A  and  AP  samples. 

Separation  of  DNA  and  RNA  from  other  solids. 
—Weigh  0.25  g  of  dry  sample  (from  above)  into  a 
15-ml  centrifuge  tube.  Add  4  ml  of  0.3  N  KOH  and 
incubate  for  3  h  at  37°  C.  Cool  to  room  tempera- 
ture. Centrifuge  10  min  at  2,000  r/min.  Decant  the 


supernatant  into  another  15-ml  centrifuge  tube. 
Wash  the  residue  with  1  ml  of  0.03  N  KOH.  Centri- 
fuge for  10  min  at  2,000  r/min.  Add  the  supernatant 
to  the  first  alkaline  digest.  Repeat  wash  step.  Dis- 
card the  residue. 

Determination  of  RNA.— The  procedure  is  that 
of  Munro  and  Fleck  (33).  To  the  alkaline  digest 
and  washings,  add  2.5  ml  1.2  N  HC104  (PCA).  Stir 
to  precipitate  DNA.  Place  tube  in  ice  bath  for  10 
min.  Centrifuge;  decant  supernatant  into  a  100-ml 
volumetric  flask.  This  is  the  RNA  fraction.  Wash 
the  residue  twice  with  5  ml  of  0.2  N  PCA  and  cen- 
trifuge. Decant  the  washings  and  add  to  the  RNA 
fraction.  Save  any  residue  for  DNA  analysis.  Add 
12  ml  0.6  AT  PCA  to  the  RNA  fraction  and  make 
up  to  100  ml  with  distilled  water.  This  gives  an 
RNA  fraction  in  0.1  N  PCA.  Measure  the  absorb- 
ance  of  this  solution  at  260  nanometers  (nm).  Make 
dilutions  as  needed.  An  absorbance  of  1  is  equal  to 
32  [Ag  RNA/ml  from  rat  liver  or  34.5  t;.g  RNA/ml 
from  yeast.  A  detection  limit  of  3.4  mg  RNA/g  was 
found  for  this  procedure,  which  is  similar  to  the 
results  of  Munro  and  Fleck. 

Determination  of  DNA.— The  procedure  is  based 
on  the  method  of  Burton  (15).  To  the  residue  re- 
served from  RNA  analysis,  add  2  ml  water  and  2  ml 
2  N  PCA.  Heat  at  70°  C  for  15  min  in  a  loosely 
stoppered  tube.  Cool  to  room  temperature,  using  an 
ice  bath.  Centrifuge.  Pipette  2  ml  of  the  filtrate  into 
a  15-ml  glass-stoppered  centrifuge  tube.  Add  2  ml 
freshly  prepared  4  percent  diphenylamine  in  glacial 
acetic  acid.  Add  0.1  ml  aqueous  acetaldehyde.  Stop- 
per. Incubate  20  h  at  30°.  Analyze  the  sample  spec- 
trophotometrically. 

To  prepare  the  standard  DNA  calibration  curve, 
make  DNA  standard  to  obtain  concentration  of  30 
mg/100  ml  in  5  M  NaOH;  store  at  0°  C.  Make  up 
standards  from  0  to  120  fxg  per  2  ml  by  combining 
measured  volumes  of  DNA  solution  with  sufficient 
5  M  NaOH  to  total  5  ml  and  add  5  ml  1  N  per- 
chloric acid  to  give  exactly  10  ml  of  known  DNA 
concentration.  Treat  as  DNA  samples  to  prepare 
the  standards  for  the  spectrophotometric  analysis. 
Make  a  calibration  curve,  plotting  the  DNA  weight 
in  micrograms  per  2-ml  sample  versus  corrected  ab- 
sorbance, the  absorbance  value  being  absorbance 
at  593  nm  minus  absorbance  at  700  nm.  This  should 
be  a  linear  plot.  For  spectrophotometric  analysis, 
read  the  blank  (5  M  NaOH)  against  H20  in  the 
reference  beam  at  both  593  and  700  nm  in  absorb- 
ance, read  the  standards  and  samples  against  the 
blank  at  both  wavelengths,  and  read  off  the  weight 
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of  DNA  in  the  sample  from  the  calibration  curve. 
Calculate  the  amount  of  DNA  in  the  sample  as 
follows: 

Initial  volume 

Micrograms  X  2  X  

DNA  found  Aliquot  of  initial  volume 

mg  DNA  g  =  2  

g  sample  wt  x  1.000 

Manure  samples  gave  a  light  yellow  color  in  the 
final  analytical  solution,  which  was  not  present  in 
the  DNA  standards  or  the  reagent  blank.  This  was 
corrected  by  including  a  blank  which  extracted  pig- 
ments but  not  DNA  from  a  manure  sample.  It  was 
prepared  by  omitting  the  initial  2  N  PCA  reagent 
but  adding  the  acetic  acid  and  acetaldehyde  to  a  2 
ml  manure  sample  before  continuing  with  the 
analysis.  This  yellow  blank  was  stable  and  had  typi- 
cal absorbance  values  of  0.018  at  593  nm  and  0.003 
at  700  nm,  the  difference  being  0.015.  This  blank 
value  was  used  to  correct  the  absorbance  readings 
obtained. 

Determination  of  purine-pyrimidine  compounds. 

— Lyophilized  soluble  fraction  samples  and  lyophi- 
lized  TCA  extracts  of  the  fiber  and  particulate  frac- 
tions after  cell  rupture  were  diluted  to  0.1  percent 
aqueous  solutions.  These  preparations  were  ana- 
lyzed for  total  purine-pyrimidine  content  by  ultra- 
violet absorption  spectrophotometry  at  260  nm. 

Free  bases,  nucleosides,  and  nucleotides.— The 
soluble  fractions  of  the  A  and  AP  samples  (three 
collections)  were  extracted  by  the  following  proce- 
dure. All  reagents  and  glassware  were  kept  ice  cold 
during  the  procedure.  Weigh  0.12  g  (dry  basis)  of 
soluble  fractions  into  heavy-walled,  10-ml  centrifuge 
tubes.  Dilute  to  4.57  ml  as  required  with  distilled 
water  at  2°  C.  Volumes  used  are  based  on  the  solids 
concentrations  of  the  most  dilute  sample  tested;  all 
extracts  ultimately  contain  0.01  g  sample  (dry  basis) 
per  ml  extract.  Add  4.57  ml  0.4  N  PCA.  Mix  well. 
Stand  10  min  at  0°  to  2°.  Centrifuge  at  0°  to  2° 
and  15,000  r/min  for  15  min.  Carefully  withdraw 
6.86  ml  supernatant  and  place  in  a  20-ml  beaker. 
Neutralize  to  pH  6  to  7  by  titration  with  10  percent 
KOH  (0.77  to  0.84  ml  required).  Add  sufficient  dis- 
tilled water  to  bring  the  final  volume  to  9.0  ml. 
Mix  well,  keeping  cold.  Centrifuge  at  0°  to  2°  and 
10,000  r/min  for  10  min.  Decant  supernatant  and 
freeze  in  several  aliquots  until  ready  for  analysis. 

Standards  for  analyses  were  prepared  by  dissolv- 
ing 20  mg  of  each  compound  in  100  ml  distilled 
water  or  eluant  buffer  solution  (with  a  hot  water 
bath  for  the  bases,  which  dissolved  with  difficulty). 
This  solution  was  diluted  1:10  with  distilled  water 
or  buffer  solution  to  contain  20  ng/jxl.  Five  jjlI  in- 


jections corresponded  to  100  ng  compound.  Gua- 
nine was  particularly  insoluble  (0.0005  percent  or 
25  ng/5  [jlI  at  saturation).  Some  standards  decom- 
posed rapidly  at  room  temperature  under  fluores- 
cent lighting.  All  standards  were  kept  in  the  dark, 
and  the  more  soluble  nucleosides  and  nucleotides 
were  kept  refrigerated. 

Chromatographic  conditions  were  similar  to  those 
of  Horvath  and  Lipsky  (25,  26).  A  Perkin-Elmer 
Liquid  Chromatograph,  Model  1220,  equipped  with 
an  Ultraviolet  Absorption  Detector,  Model  250  (254 
m[i)  and  microcell,  which  provided  sensitivities  up 
to  0.01  absorbance  in  its  full  scale,  was  used.  The 
coiled  columns  were  mounted  in  a  jacketed,  cylin- 
drical, stainless-steel  water  bath  (Precision  Scientific 
Co.)  and  heated  by  an  external  circulating  water 
bath  equipped  with  an  adjustable  thermoregulator 
(P.  M.  Tamson,  N.V.,  Holland,  Type  T3-100).  A 
continuous  flow,  on  column,  stainless-steel  injector 
(Reeve  Angel,  i/s  inch)  was  securely  fastened  to  the 
water  bath  cover.  A  Teflon  needle  guide  was 
mounted  over  the  injection  port  to  establish  the 
point  of  injection  just  above  the  column  packing. 

Prepacked  and  tested  3  m  by  1  mm  inside  di- 
ameter (ID)  columns  were  procured  from  Reeve 
Angel,  HC  Pellionex  SCX  (pellicular  cation)  and 
AS  Pellionex  SAX  (pellicular  anion).  Stainless- 
steel  capillary  tubing  conducted  the  column  effluent 
to  the  detector.  Low  dead  volume  connectors  and 
fittings  were  used  throughout  the  system.  Hamilton 
No.  701-10  p.1  syringes  with  Kel-F  guides  were  used 
for  injecting  samples. 

Standard  chromatographic  techniques  were  used 
for  injection.  The  low  noise  levels  permitted  analy- 
sis of  the  samples  near  the  maximum  attenuation 
(0.02  absorbance  units  full-scale)  for  the  greatest 
sensitivity.  The  attenuation  was  occasionally  re- 
duced to  locate  the  apex  of  peaks  that  would  have 
otherwise  been  off  scale.  The  detection  limit  of  the 
compounds  varied  from  1.5  to  100  ng,  depending 
upon  their  associations  with  nearby  peaks  and  de- 
pending upon  their  peak  heights.  As  little  as  1  to  2 
divisions  were  accepted  as  the  minimum  detectable 
amount  in  the  case  of  shorter,  broader,  late-eluting 
peaks  such  as  adenine.  More  commonly  a  deflec- 
tion of  three  to  five  divisions  was  considered  signifi- 
cant. No  peaks  were  found  at  the  uridine  location 
in  a  valley  between  the  solvent  peak  and  the  uracil 
peak.  Reduced  attenuation  or  reduced  sample  size 
was  necessary  to  bring  this  area  of  the  chromato- 
gram  on  scale.  This  reduced  the  detectable  amount 
of  uridine  to  about  50  ng  for  a  sensitivity  of  1  mg 
uridine  per  g  sample. 
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Peak  heights  of  the  standards  were  essentially 
proportional  to  the  concentrations  of  each  com- 
pound; they  were  used  to  obtain  quantitative  data. 
Five  microliters  of  extract  was  usually  injected, 
which  contained  0.05  mg  or  50  y.g  of  sample  (dry 
basis). 

ng  compound //ig  sample 

=  mg  compound /g  sample  (dry  basis) 

Operating  conditions  used  for  the  analysis  of 
bases  were  column  temperature,  59.5°  C;  pressure, 
700  lb/in2;  flow  rate,  6  ml/h;  attenuation,  0.02 
absorbance  units  full  scale  (AUFS);  eluent  buffer, 
0.02  M  KH2P04,  pH  5.5  adjusted  with  0.1  M  KOH; 
column,  pellicular  cation  exchange  resin,  3  m  by  1 
mm  ID;  extract  volume  analyzed,  5  analysis 
time,  60  min. 

Operating  conditions  used  for  the  analysis  of 
nucleosides  and  uracil  were  column  temperature, 
42°  C;  pressure,  600  lb/in2;  flow  rate,  4.5  ml/h;  at- 
tenuation, 0.02  AUFS;  eluent  buffer,  0.02  M 
KH2P04,  pH  5.5  adjusted  with  0.1  M  KOH;  col- 
umn, pellicular  cation  exchange  resin,  3  m  by  1  mm 
ID;  extract  volume  analyzed,  1  or  5  pd;  analysis 
time,  40  min.  The  detection  limit  of  uridine  was 
severely  reduced  to  about  1  mg/g  sample.  Improved 
separation  in  the  uridine  area  was  achieved  with 
standards  chromatographed  at  30°  to  35°.  Uracil 
was  also  computed  from  these  chromatograms.  It 
was  better  separated  from  the  nucleosides  and  the 
solvent  peak  under  these  conditions  than  under  the 
optimum  conditions  established  for  the  remainder 
of  the  bases. 

The  nucleotides  were  separated  isocratically  in 
two  phases,  the  first  employing  a  more  dilute  buffer 
for  the  monophosphate  nucleotides,  and  the  second 
employing  a  stronger  buffer  for  the  di-  and  triphos- 
phate nucleotides.  The  procedures  of  Burtis  and 
Gere  (14)  were  modified  and  applied  here. 

Operating  conditions  used  for  the  analysis  of 
monophosphate  nucleotides  were  column  tempera- 
ture, 80°  C;  pressure,  800  lb/in2;  flow  rate,  24  ml/h; 
attenuation,  0.02  AUFS;  eluent  buffer,  0.005  M 
KH2P04,  pH  3.3  adjusted  with  1:10  H3P04;  col- 
umn, pellicular  anion  exchange  resin,  3  m  by  1  mm 
ID;  extract  volume  analyzed,  5  analysis  time,  30 
min. 

Operating  conditions  used  for  the  analysis  of  di- 
and  triphosphate  nucleotides  were  column  tempera- 
ture, 80°  C;  pressure,  300  lb/in2;  flow  rate,  9  ml/h; 
attenuation,  0.02  AUFS;  eluent  buffer,  0.375  M 
KH2P04,  pH  4.05;  column,  pellicular  anion  ex- 
change resin,  3  m  by  1  mm  ID;  extract  volume. 


Results  and  Discussion 

Considering  the  divergent  conditions  of  the  se- 
lected feedlots,  the  composition  of  the  samples  was 
remarkably  similar.  In  general,  variability  in  chemi- 
cal composition  did  not  correlate  with  season,  geo- 
graphic site,  or  feedlot  conditions.  Only  the  stand- 
ard waste  analyses  showed  wide  variation.  The  few 
detectable  differences  in  composition  of  cattle  feed- 
lot  waste,  which  did  correlate  with  specific  feedlot 
conditions  as  well  as  the  differences  between  cattle 
and  hog  wastes,  are  included  in  the  discussion  of 
the  specific  analyses. 

On  a  dry  weight  basis,  83  percent  of  the  waste 
was  defined  by  these  analyses.  The  major  factors 
affecting  analyses  were  errors  inherent  in  the  sam- 
pling procedure  or  in  sample  transport,  although 
minimized  as  much  as  was  practical.  Errors  caused 
by  technical  difficulties  encountered  during  assay 
were  uniform. 

Analysis  by  fraction— fiber,  particulate,  and  solu- 
ble—was accomplished  to  provide  the  information 
required  for  waste  use  in  developing  technologies. 
Analytical  results  for  each  sample  together  with  the 
average  analyses  for  each  feedlot  are  in  tables  2  to 
11.  Designations  correspond  to  those  used  for  the 
feedlots  in  table  1.  Seasonal  and  overall  averages 
for  cattle  waste  and  hog  waste  analyses  are  in  tables 
12  and  13.  Average  analyses  of  cattle  and  hog 
wastes,  calculated  on  whole  waste  (dry  wt)  basis  are 
in  table  14. 

Although  the  results  are  included  in  all  subse- 
quent averages,  one  sample— the  spring  1972  sam- 
ple from  Feedlot  F— yielded  several  particularly  ab- 
normal results.  When  compared  with  the  other  five 
samples  of  hog  waste,  As  and  Cu  levels  were  un- 
usually high  m  all  three  fractions.  Also,  in  the  solu- 
ble fraction,  values  for  COD,  total  Kjeldahl,  and 
ammonia  were  high  although  the  total  amino  acid 
content  was  low. 

Fractionation 

The  partition  of  waste  into  fiber,  particulate,  and 
soluble  fractions  was  the  most  variable  result  in  the 
analyses.  Apparently,  changing  conditions  at  indi- 
vidual feedlots  contributed  to  the  twofold  to  three- 
fold variation  in  the  proportion  of  the  whole  waste, 
which  partitioned  into  the  three  fractions.  In  a  few 
instances,  the  waste  contained  an  abnormal  distri- 
bution of  material  so  that  fractionation  yielded 
higher  fiber  or  particulate  fractions  than  expected. 

Notwithstanding,  the  specific  composition  of  each 
fraction  was  consistent  with  only  small  variation  at- 

Text  continues  on  page  53. 
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tributable  to  the  relative  proportions  of  the  frac- 
tions in  the  original  waste.  Only  8.3  percent  of  the 
hog  waste  solids  were  in  the  soluble  portion,  the 
remainder  being  divided  equally  between  the  fiber 
and  particulate  fractions.  In  cattle  feedlot  waste 
(FLW),  the  soluble  fraction  contained  13.4  percent 
of  the  dry  weight  solids  with  the  remainder  divided 
5  to  3  between  the  55  percent  in  fiber  and  31.5  per- 
cent in  particulate  fractions.  When  compared  with 
the  FLW  average,  the  AP  (pristine  samples  from 
Feedlot  A)  and  G  samples  (Feedlot  G)  partitioned 
to  give  larger  fiber  and  soluble  fractions  at  the 
expense  of  the  particulate  fraction. 

Samples  from  the  Southwestern  feedlots  had 
higher  than  average  fiber  contents  but  contained 
subnormal  amounts  of  solubles.  These  samples  also 
differed  from  FLW  averages  by  having  higher 
values  for  pH  and  total  solids  (with  normal  ash 
content).  Lignin  was  high  in  both  fiber  and  par- 
ticulate fractions;  total  lipid,  but  not  neutral  lipid 
was  high  in  the  particulate  fraction.  Total  Kjeldahl 
and  total  amino  acids  were  high  in  the  particulate 
fraction  but  low  in  the  soluble  fraction  reflecting 
the  shift  in  partitioning  of  waste  into  the  three 
fractions.  These  changes  show  the  composite  effects 
of  weather,  sample  age,  and  diet. 

Standard  waste  analyses 

The  values  for  total  and  volatile  solids,  pH,  alka- 
linity, and  COD  showed  wide  variations.  This  may 
be  attributed  to  variations  in  environment,  age  of 
samples  collected,  and  feedlot  practices. 

Total  and  volatile  solids,  ash,  and  pH.— At  31.5 
percent,  the  average  total  solids  in  hog  waste  was 
two-thirds  that  of  FLW.  FLW  had  an  average  ash 
content  of  312  mg/g  dry  wt,  almost  double  that  of 
hog  waste,  and  a  proportionally  lower  volatile 
solids  content.  The  pH  of  FLW  and  hog  waste 
samples  averaged  6.6  and  6.1.  These  differences  be- 
tween cattle  and  hog  wastes  resulted  largely  from 
feedlot  conditions.  Dirt  admixture  and  liquid  loss 
into  the  dirt  were  minimal  in  pristine  (AP)  FLW 
samples  from  Feedlot  A  and  those  from  Feedlot  G, 
with  cement-floored  pens.  These  samples  gave  re- 
sults similar  to  those  of  hog  waste. 

Alkalinity,  BOD,  and  COD.— Average  alkalinities 
of  the  two  wastes  were  similar  although  the  varia- 
bility among  FLW  samples  was  twice  that  of  hog 
waste  samples.  The  average  COD  of  hog  waste  was 
one-third  higher  than  the  800  average  for  FLW  and 
the  average  hog  waste  BOD  was  double  the  166 
average  for  FLW.  Although  above  the  average  for 


FLW  samples,  the  COD  and  BOD  of  the  AP  and 
G  feedlot  samples  did  not  approach  the  values  ob- 
tained for  hog  waste  samples. 

Carbohydrate 

Carbohydrates  and  lignin  accounted  for  35.2  per- 
cent of  dry  weight  FLW  and  32.9  percent  of  hog 
waste.  Cellulose  and  hemicellulose  constituted  16.4 
and  3  percent  of  FLW  and  70  percent  of  the  total 
neutral  carbohydrates.  The  fiber  fractions  contained 
three  times  the  amount  of  cellulose  and  hemicel- 
lulose present  in  particulate  fractions.  There  were 
only  slight  amounts  in  the  solubles.  Lignin  ac- 
counted for  6.6  percent  of  FLW  and  was  distributed 
2:1  between  fiber  and  particulates.  The  soluble 
saccharides  (1.3  percent  of  total  carbohydrate)  were 
equally  divided  among  the  three  fractions,  as  was 
the  0.1  percent  phytic  acid.  There  was  no  difference 
between  the  A  and  AP  samples  from  Feedlot  A. 

Hog  waste  contained  slightly  more  carbohydrate 
of  all  types  but  less  lignin  than  did  FLW.  The  1.6 
percent  lignin  present  in  hog  waste  was  evenly  di- 
vided between  the  fiber  and  particulates,  reflecting 
the  comparatively  large  particulate  fraction  in  hog 
waste. 

Nitrogen  compounds 

Total  Kjeldahl  nitrogen.— Neither  seasonal  varia- 
tion nor  location  affected  the  total  nitrogen  con- 
tent. Cattle  waste  averaged  2.85  percent  total  nitro- 
gen on  a  dry  weight  basis.  A  and  AP  samples  from 
Feedlot  A  were  alike.  Only  samples  from  Feedlots 
E  and  H  were  below  average  and  they  had  un- 
usually high  ash  and  low  total  volatiles  contents.  In 
general,  higher  ammonia  content  was  offset  by 
lower  total  amino  acid  content.  Total  nitrogen  in 
the  waste  decreased  as  roughage  in  the  diet  was 
replaced  with  high  energy  grains  with  a  concomitant 
shift  of  nitrogen  from  the  fiber  and  particulate  frac- 
tions to  the  soluble  fraction.  The  soluble  fraction, 
13.4  percent  of  the  total  dry  weight,  contained  26.5 
percent  of  the  total  nitrogen;  the  remainder  was 
almost  evenly  divided  between  fiber  and  particu- 
lates. 

Hog  waste  averaged  3.85  percent  total  nitrogen 
on  a  dry  weight  basis.  As  with  cattle  waste,  the 
small  soluble  fraction  (8.3  percent  of  the  total  dry 
weight)  contained  a  disproportionate  18.2  percent 
of  the  nitrogen.  About  half  of  the  total  nitrogen 
was  in  the  particulate  fraction,  the  remaining  third 
in  the  fiber. 

Total  and  free  amino  acids.— Total  amino  acids 
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represented  one  tenth  of  the  dry  matter  in  cattle 
waste.  They  were  divided  approximately  2:2:1 
among  the  fiber,  particulate,  and  soluble  fractions. 
Individual  amino  acids,  except  alanine,  were  dis- 
tributed in  the  same  manner.  Lysine  and  methio- 
nine were  present  in  relatively  high  amounts  repre- 
senting 5.4  and  3.3  percent  of  the  total  amino  acids. 
Alanine,  13  percent  of  the  total  protein,  was  equally 
divided  among  the  three  fractions.  Eight  percent 
of  the  total  amino  acids  were  free  amino  acids  and 
these  were  divided  approximately  2:1:3  among  the 
fiber,  particulate,  and  soluble  fractions.  By  weight, 
half  of  the  free  amino  acid  content  was  alanine. 
There  was  no  apparent  correlation  between  am- 
monia and  alanine  levels  in  the  soluble  fractions. 

Degradation  of  protein  in  FLW  occurred  with 
age.  The  total  amino  acid  content  of  fresh  (AP) 
samples  was  10  percent  greater  than  that  of  older 
surface  (A)  samples.  One  half  of  this  difference  was 
in  the  soluble  fraction  where  the  total  amino  acid 
content  of  fresh  samples  was  50  percent  higher  than 
in  surface  samples.  In  addition,  the  free  amino  acid 
content  of  the  soluble  fraction  of  aged  waste  was 
twice  that  of  the  pristine. 

In  general,  FLW  from  animals  on  high  roughage 
diets  had  higher  total  amino  acid  content  than 
those  on  high  energy  grain  diets.  However,  both  the 
total  and  the  free  amino  acid  content  of  the  soluble 
fraction  were  lower. 

Total  amino  acids  represented  15  percent  of  hog 
waste  on  a  dry  weight  basis.  They  were  divided  ap- 
proximately 3:6:1  among  the  fiber,  particulate,  and 
soluble  fractions.  Individual  amino  acids  were  par- 
titioned similarly.  Lysine  and  methionine,  at  5.4 
and  2.3  percent  of  the  total  amino  acids,  were  pres- 
ent in  respectable  amounts.  One  percent  of  dried 
hog  waste— 6.7  percent  of  the  total  amino  acids- 
was  free  amino  acids.  They  partitioned  evenly 
among  the  three  fractions.  By  weight  20  percent  of 
the  free  amino  acid  content  was  alanine. 

Although  the  total  amino  acid  content  of  both 
wastes  is  large,  the  determined  values  may  be  low 
because  of  the  clean-up  procedure  required  for 
analysis.  About  one-third  of  the  Kjeldahl  nitrogen 
is  not  accounted  for  by  the  specific  components 
measured  and  is  partitioned  among  the  fiber,  par- 
ticulates, and  solubles  in  about  the  same  propor- 
tions as  the  total  amino  acids. 

Non-protein  nitrogen.— Determination  of  these 
compounds  was  carried  out  only  on  the  soluble 
fraction.  Ammonia  constituted  about  25  percent  of 
the  Kjeldahl  nitrogen  in  the  soluble  fraction  and 
represented  0.2  and  0.3  percent  of  dry  weight  FLW 


and  hog  waste.  Urea  was  present  at  less  than  0.01 
percent  and  nitrate  and  nitrite  were  not  detected. 

Lipid 

FLW  contained  7.2  percent  total  lipid;  44  per- 
cent was  in  the  soluble  fraction  with  the  remainder 
evenly  divided  between  fiber  and  particulates.  Neu- 
tral lipids,  37  percent  of  the  total  lipids,  repre- 
sented 2.7  percent  of  the  FLW  dry  weight.  They 
were  distributed  approximately  3:2:1  among  the 
fiber,  particulate,  and  soluble  fractions.  Over  half 
of  the  neutral  lipid  in  each  fraction  was  stearic  acid 
and  less  than  1  percent  existed  as  glycerides.  The 
difference  between  total  and  neutral  lipids,  4.7  per- 
cent of  the  FLW  dry  weight,  was  probably  volatile 
fatty  acids;  60  percent  of  this  difference  was  in  the 
soluble  fraction. 

Total  lipid  content  of  fresh  waste,  12  percent  of 
the  dry  weight  of  AP  samples,  was  twice  that  of  the 
surface  waste  (A  samples)  from  Feedlot  A.  Neutral 
lipid  was  less  affected  by  aging,  representing  4  and 
3  percent  of  the  dry  weights  of  the  AP  and  A 
samples.  The  assumed  loss  of  volatile  fatty  acids 
was  largely  from  the  fiber  fraction.  No  apparent 
correlation  existed  between  diet  and  lipid  content 
of  FLW. 

Hog  waste  contained  16.8  percent  total  lipid;  16.6 
percent  was  in  the  soluble  fraction  with  the  re- 
mainder divided  1:2  between  fiber  and  particulates. 
Neutral  lipids,  three-fourths  of  the  total  lipids,  rep- 
resented 12.7  percent  of  the  hog  waste  dry  weight. 
Sixty  percent  was  in  the  particulate  fraction  and  5 
percent  in  the  solubles.  Proportionally,  stearic  acid 
and  glycerides  were  the  same  as  in  FLW.  The  as- 
sumed volatile  fatty  acids  (total  lipid  minus  neutral 
lipid)  was  4  percent  of  the  hog  waste  solids,  half  in 
the  soluble  fraction. 

Elemental 

Attaching  any  specific  correlations  to  these  values 
either  with  respect  to  seasonal  changes  or  to  various 
feedlots  is  difficult  because  most  of  the  manure 
samples  contained  a  considerable  percentage  of  dirt 
from  the  feedlot.  Most  prominent  among  these  con- 
stituents were,  as  one  would  expect,  Na,  CI,  K,  and 
Ca  and  to  a  minor  extent  S  and  P.  Except  the  As 
and  Cu  levels  in  the  spring  1972  sample  from  hog 
Feedlot  F,  the  rest  of  the  inorganic  components 
were  present  in  negligible  quantities. 

Nucleic  acids  and  their  components 

DNA,  RNA,  and  purine-pyrimidines.— DNA  was 

measured  in  the  cell-containing  fiber  and  particu- 
late fractions  of  the  A  and  AP  samples,  using  large 


54 


GPO  818—303-7 


(15  to  25  g)  amounts  of  lyophilized  sample.  We  ex- 
pected that  RNA  could  be  determined  during  the 
DNA  procedure,  as  is  frequently  done.  However, 
interferences  gave  RNA  results  which  were  suspect. 
Therefore,  the  procedure  given,  employing  more 
extensive  cleanup  and  detection  by  ultraviolet  ab- 
sorption rather  than  by  ribose  measurement  was 
used. 

By  making  this  change,  sensitivity  was  lost  but 
detection  via  the  base  moiety  eliminates  those  inter- 
ferences from  substances  that  react  similarly  to 
ribose.  Cleanup  procedures  were  a  composite  of 
many  methods  for  nucleic  acid  determination  in 
diverse  materials.  This  revised  method  did  not  af- 
fect the  determination  of  DNA  because  both  nucleic 
acids  are  isolated  and  determined  in  tandem  to  the 
point  of  alkaline  digestion  and  reprecipitation  of 
DNA. 

Because  of  the  complexity  of  the  procedures,  only 
the  A  and  AP  samples  of  the  first  collection  were 
examined.  The  DNA  content  of  the  fiber  fractions 
was  0.24  mg/g  dry  wt  of  the  AP  sample  and  0.08 
mg/g  dry  wt  of  the  A  sample.  Similarly,  in  the 
particulate  fractions  the  DNA  content  of  the  pris- 
tine (AP)  sample  was  substantially  higher  than 
standard  (A)  sample  at  0.41  and  0.11  mg/g  dry  wt 
respectively.  RNA  was  not  detected  in  these  samples 
and  was  therefore  less  than  3.4  mg/g  dry  wt  of  the 
fractions.  The  percent  of  purine-pyrimidines  was 
measured  in  these  samples  and  in  the  corresponding 
soluble  fractions.  Again  positive  samples  contained 
larger  amounts  of  the  nitrogen  bases  in  all  fractions. 
The  fiber,  particulate,  and  soluble  fractions  of  AP 
sample  contained  2.8,  1.8,  and  6.7  mg/g  dry  wt  of 
fraction;  corresponding  amounts  in  the  A  fractions 
were  0.15,  0.14,  and  2.3  mg/g  dry  wt  of  fraction. 

Free  bases,  nucleosides  and  nucleotides.— Uncom- 
bined  or  free  nucleotides,  purines,  and  pyrimidines 
present  in  both  pristine  (AP)  and  surface  (A)  wastes 
taken  from  Feedlot  A  were  determined  in  the  solu- 
ble fractions  from  all  three  collections.  Trace 
amounts  of  free  nucleotides  may  be  present  in  the 
fiber  and  particulate  fractions  due  to  incomplete 
fractionation  and  entrapment;  the  amounts  should 
be  negligible.  The  identifications  are  tentative  and 
the  quantitative  data  is  dependent  upon  the  cor- 
rectness of  these  identifications.  Ultraviolet,  infra- 
red, nuclearmagnetic  resonance  or  mass  spectrom- 
etry on  the  fractionated  eluants  from  the  liquid 
chromatograph  would  be  required  for  complete 
verification  (13,  24,  32). 

The  quantities  of  bases  and  nucleosides  present 
were  surprisingly  consistent  from  one  collection  to 


the  next  and  from  pristine  to  surface  wastes.  Ex- 
cepting adenine,  the  higher  values  occurred  in  the 
pristine  (AP)  samples.  Uracil,  adenine,  and  gua- 
nosine  appeared  in  substantially  greater  amounts 
than  the  other  common  bases  and  nucleosides. 
Those  compounds  present  in  trace  quantities,  but 
in  amounts  less  than  the  established  detection  limit, 
are  shown  by  the  letter  t  (trace)  after  the  sensitivity- 
figure.  Trace  quantities  are  indicated  if  they  were 
obtained  in  at  least  one  of  the  three  samples  ana- 
lyzed. The  average  results  are  expressed  in  milli- 
grams of  compounds  per  gram  of  soluble  fraction  on 
a  dry  weight  basis.  Adenine,  guanine,  cytosine,  and 
uracil  contents  of  AP  solubles  were  0.5,  0.1,  0.4,  and 
3.1;  corresponding  values  for  A  solubles  were  1.8, 
0.06,  0.3,  and  2.5.  The  nucleoside  contents  of  AP 
solubles  were  <0.1-t,  1.4,  0.4,  and  <1  for  adenosine, 
guanosine,  cytidine,  and  uridine;  values  for  the  A 
solubles,  in  the  same  order  were  <0.1-t,  0.9,  <0.2-t, 
and  <1. 

Only  small  quantities  of  monophosphate  nucleo- 
tides were  found  although  some  peaks  remained 
unidentified.  The  di-  and  triphosphate  nucleotides 
showed  less  consistency  than  the  other  classes  of 
compounds  studied,  but  there  were  substantial 
amounts  of  5'  UTP4  present,  especially  in  the  sur- 
face waste  (A)  samples. 

Examination  of  retention  times  for  the  peaks 
from  samples  versus  those  of  the  pure  nucleotide 
standards  revealed  deviations  greater  than  ±  5  per- 
cent in  some  cases.  These  identifications  are  more 
suspect  than  those  of  the  bases  and  nucleosides,  and 
are  enclosed  in  parentheses  even  if  they  were  ob- 
served in  only  one  of  the  three  samples  analyzed. 
As  above,  average  results  are  expressed  in  milli- 
grams of  compound  per  gram  of  soluble  fraction 
on  a  dry  weight  basis  and  trace  quantities  are  indi- 
cated. In  the  AP  samples  only  5'  AMP  and  5'  GMP 
were  recovered  at  0.5  and  0.6  levels;  traces,  <0.5-t, 
of  2'  AMP,  2'  or  3'  GMP,  5'  CMP,  and  2'  UMP 
were  detected;  other  monophosphate  nucleotides 
were  not  detected,  <0.05.  In  the  A  samples  2',  3', 
and  5'  AMP  levels  averaged  0.5,  0.6,  and  0.7  respec- 
tively; 2'  or  3'  GMP  was  (1.4)  and  5'  GMP  averaged 
0.9.  Traces,  < 0.5-5,  of  2'  CMP,  2'  UMP,  and  3' 
UMP  were  detected  but  3'  CMP,  5'  CMP,  and  5' 
UMP  were  not,  <0.5.  Retention  times  of  2'  or  3' 


4  Abbreviations  for  nucleotides— AMP,  ADP,  ATP:  adenosine 
mono-,  di-,  triphosphate;  CMP,  CDP,  CTP:  cytidine  mono-, 
di-,  triphosphate;  GMP,  GDP,  GTP:  guanosine  mono-,  di-, 
triphosphate;  UMP,  UDP,  UTP:  uridine  mono-,  di-,  triphos- 
phate. 2',  3',  5':  nucleoside  (ribose)  carbon  to  which  phos- 
phate^) are  attached. 
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GMP  and  2'  UMP  samples  deviated  by  more  than 
5  percent  from  the  standards. 

5'  ADP  was  the  only  diphosphate  nucleotide  de- 
tected and  5'  ATP  was  the  only  triphosphate  nu- 
cleotide not  detected.  AP  solubles  contained  (0.5), 
3.7,  (0.9),  and  (2.5)  levels  of  5'  ADP,  5'  GTP,  5' 
CTP,   and   5'   UTP   respectively;  corresponding 

MICROBIAL 

Feedlots  and  Sampling 
Feedlots  A  to  I 

Characteristics  of  Feedlots  A  to  I  and  sampling 
methods  are  given  in  the  first  section  of  this  report 
(table  1). 

Feedlot  J 

A  5,000  to  10,000  head  beef  cattle  feedlot  in  Il- 
linois, Feedlot  J  occupies  about  50  acres  of  a  1,400- 
acre  integrated  farm;  associated  cropland  was 
planted  to  corn.  The  feedlot,  sampling  sites,  and 
method  of  sampling  are  defined  in  detail  in  Rhodes 
and  Hrubant  (36).  Briefly,  the  samples  were  col- 
lected as  follows  every  other  month. 

Feedlot  waste  samples.— Twelve  3-  to  5-g  portions 
were  collected  randomly  from  the  concrete  portion 
of  the  floor  of  two  pens  for  each  sample. 

Runoff  samples.— Approximately  100-ml  samples 
were  collected  by  multiple  subsurface  dipping  from 
a  ditch  adjacent  to  the  pens. 

Associated  site  samples.— Each  site  was  sampled 
once.  Some  samples  were  composites  of  three  to 
four  core  samples  each  15  to  20  cm  deep.  A  field, 
spread  with  FLW  the  previous  winter  was  core 
sampled  in  March  and  September,  before  and 
after  corn  was  planted.  Pen  dirt,  the  elevated  soil 
area  in  the  pens,  was  also  core  sampled.  The 
stockpile  cores  were  obtained  from  a  field  site 
free  of  vegetation  that  was  used  for  years  for  stor- 
age of  FLW.  The  composted  FLW  was  0.5  to  1  m 
deep.  The  feed  sample  was  a  composite  of  twelve 
3-  to  5-g  portions  from  the  feed  trough  of  the  pens 
sampled  for  FLW.  The  field  ditch,  which  drained 
the  fields  and  received  the  runoff  from  the  pens, 
was  sampled  by  multiple  subsurface  dip.  All 
samples  were  immediately  cooled  by  covering  the 
containers  with  cracked  ice  and  transported  to  the 
laboratory  in  an  ice  chest. 

Materials  and  Methods 
Microbial  counts 

One-gram  refrigerated  manure  samples  from 
Feedlots  A-I  were  used  at  Denver  Research  Institute 


values  for  A  solubles  were  1.1,  2.7,  4.8,  and  8.2. 
Detection  limits  for  5'  GDP,  5'  UDP,  and  5'  ATP 
were  0.5  and  that  of  5'  CDP  was  1.0.  Retention 
times  of  only  one  or  two  of  the  six  samples  tested 
for  5'  ADP,  5'  CTP,  and  5'  UTP  varied  by  more 
than  5  percent  from  the  respective  standards. 

ANALYSES 

(DRI).  Serial  dilutions  were  prepared  in  sterile 
water  blanks.  Total  aerobic  microbial  counts  (wet 
weight)  were  determined  by  spread  plating  0.3  ml 
of  appropriate  dilutions  on  Eugon  agar  (BBL,  Di- 
vision of  BioQuest,  Cockeysville,  Md.)  plates.  Plates 
were  incubated  for  48  h  at  35°  C,  counted,  and  air- 
mailed to  the  Northern  Regional  Research  Center. 
Total  aerobic  microbial  counts  (dry  weight)  were 
calculated  using  total  solid  values  given  in  the 
chemical  analyses. 

All  samples  from  Feedlot  J  were  prepared  for 
plating  by  serial  dilution  in  0.1  percent  tryptone 
(Difco  Laboratories,  Detroit,  Mich.).  A  10  ml  por- 
tion of  liquid  samples  was  used  to  give  the  initial 
1:10  dilution.  FLW  and  solid  samples  were  weighed 
in  entirety  (30  to  50  g/sample)  and  mixed  in  a 
Waring  Blendor  with  sufficient  sterile  water  to 
make  a  1:4  dilution  (w/v).  A  40-ml  portion  of  the 
1:4  dilution  was  diluted  with  60  ml  0.1  percent 
tryptone  to  make  the  initial  1:10  dilution.  Enumera- 
tion of  selected  groups  of  organisms  was  done  by 
spread  plating  0.3  ml  of  appropriate  dilutions  onto 
previously  prepared  plates.  Plating  was  completed 
within  5  h  of  collection.  All  plates  were  incubated 
at  28°  to  30°  C. 

Total  aerobes  were  counted  on  Eugon  agar  after 
2  days  of  incubation.  Yeasts  and  fungi,  differen- 
tiated by  colony  appearance,  were  counted  on  My- 
cophil  agar  (BBL)  containing  0.2  mg  of  dihydro- 
streptomycin  sulfate  and  330  units  of  penicillin  G 
per  ml  after  3  days  of  incubation.  Streptomycetes 
were  counted  on  the  starch-salts  agar  of  Pridham 
and  others  (35)  containing  0.5  mg  cycloheximide 
per  ml  after  7  days  of  incubation.  Dry  weights  of 
FLW  samples  were  determined  and  used  to  calcu- 
late total  aerobic  counts  per  dry  gram  FLW. 

Selection  of  typical  colonies 

Isolates  were  selected  by  colony  type  from  the 
three  replicates  of  the  countable  plates.  The  per- 
cent of  the  total  aerobic  count  or  the  total  yeast 
count  represented  by  each  colony  type  was  esti- 
mated and  recorded  by  increments  of  10  (1  percent: 
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any  value  <10  percent;  10  percent:  >10  percent 
but  <20  percent;  20  percent:  >20  percent  but  <30 
percent;  and  so  forth).  Low  numbers  of  fungi  and 
streptomycetes  generally  precluded  estimating  the 
percent  of  these  organisms. 

Isolated  colonies  of  each  apparent  type  were 
selected  from  plates  of  the  countable  dilution  or 
the  next  higher  dilution,  transferred  to  agar  slants 
of  appropriate  media,  incubated  at  28°  C  for  1  to 
7  days,  and  stored  at  4°.  Media  used  for  isolates 
were  Eugon  agar  for  total  aerobes  and  yeasts;  pep- 
tone-malt extract-glucose  agar,  formulation  M48 
(43),  for  fungi;  and  starch-salts  agar  for  strepto- 
mycetes. 

Characterization  of  isolates 

Inocula  and  morphology.— All  subcultures  were 
incubated  at  28°  C.  Total  aerobic  isolates  were 
transferred  to  Eugon  agar  slants  and  incubated  1 
to  2  days.  Yeast  isolates  were  transferred  to  yeast- 
malt  (YM)  agar  slants,  formulation  M69  (42)  and 
incubated  3  days.  Growth  from  the  slants  was  sus- 
pended in  water  for  use  as  inoculum  for  biochemi- 
cal tests  and  for  Gram  reaction  (Hucker  modifica- 
tion) according  to  procedures  given  in  "Manual  of 
Microbiological  Methods"  (41).  If  microscopic  ex- 
amination revealed  a  mixed  culture,  it  was  re- 
streaked  on  Eugon  (total  aerobes)  or  YM  (yeasts) 
agar.  The  cell  type  that  was  dominant  by  micros- 
copy was  selected  and  treated  as  an  original  isolate. 

Fungi,  including  macroscopically  filamentous 
yeasts,  were  transferred  to  paired  peptone-malt  ex- 
tract-glucose agar  plates.  One  plate  was  used  for 
identification  by  colonial  morphology  and  micro- 
scopic observation.  The  second,  after  7  days  incuba- 
tion, provided  the  inoculum  for  zein,  starch,  cellu- 
lose, and  lipid  degradation  tests. 

Streptomycetes  were  streaked  on  starch-salts 
plates  and  incubated  7  days.  Resultant  growth  was 
used  as  inoculum  for  the  four  degradative  tests. 

Biochemical  tests.— Media  and  procedures  in 
Ewing  and  Davis  (21)  were  used  for  the  following 
tests:  urease  (Stuart  and  Christensen);  nitrate  reduc- 
tion; motility,  hydrogen  sulfide,  and  indol  (Kovac's) 
on  SIM.  All  tests  were  incubated  at  28°  C  except 
urease,  which  was  done  at  37°.  Inoculated  litmus 
milk  (BBL)  was  also  incubated  at  28°;  results  were 
observed  at  3  and  10  days. 

The  basal  medium  for  zein  and  starch  hydrolysis, 
lipase  production,  and  cellulose  digestion  was  0.7 
percent  tryptone,  0.5  percent  sodium  chloride,  0.3 
percent  yeast  extract,  and  2  percent  agar  (all  Difco). 
For  zein  hydrolysis,  a  solution  of  2.5  percent  zein 


(Sigma  Chemical  Co.,  St.  Louis,  Mo.)  in  80  percent 
ethanol  was  rapidly  pipetted  into  hot  basal  agar  to 
give  an  0.1 -percent  zein  concentration,  and  the 
medium  was  then  autoclaved  for  10  min.  Plates 
were  streaked  and  incubated  for  7  days  at  28°  C. 
Hydrolysis  was  indicated  by  a  clearing  of  insoluble 
zein  in  the  medium  surrounding  the  growth. 

For  starch  hydrolysis,  1 -percent  soluble  starch 
(Difco)  was  added  to  the  basal  medium.  Plates  were 
incubated  for  7  days  at  28°  C  before  flooding  with 
iodine  to  detect  hydrolysis. 

For  cellulose  digestion,  a  strip  of  Whatman  No.  1 
filter  paper  was  added  to  the  basal  medium  without 
agar.  The  inoculated  tubes  were  incubated  for  30 
days  at  28°  C. 

A  modification  of  Alford  and  Steinle's  (1)  double- 
layer  plate  method  was  used  to  test  lipase  produc- 
tion. An  emulsion  layer  containing  1.25-percent 
corn  oil  and  10  percent  of  a  1:1,500  solution  of 
Victoria  blue  B  was  used  under  the  basal  nutrient 
layer. 

The  basal  medium  for  zein  and  starch  hydroly- 
sis, without  the  agar,  was  also  used  for  acid  produc- 
tion from  carbohydrates.  Phenol  red  (0.0018  per- 
cent) and  0.5  percent  glucose,  lactose,  or  xylose  were 
incorporated  in  the  basal  medium  before  autoclav- 
ing.  Durham  tubes  were  used  in  the  glucose  medium 
to  detect  gas  production.  Tests  were  observed  after 
1,  2,  and  3  day's  incubation  at  28°  C. 

Salmonella  detection 

Fecal  samples  from  Feedlots  A-I  were  examined 
at  DRI.  Methods  were  based  on  reports  by  Cheng 
and  others  (16),  Dunn  and  Martin  (19),  and  Sharma 
and  Packer  (37).  Whole  waste  samples  were  diluted 
with  sufficient  sterile  water  to  impart  liquid  con- 
sistency. Water  samples  containing  Salmonella  ty- 
phimurium  were  used  as  a  positive  control  with  the 
waste  samples.  Slurries  (1.0  ml)  were  enriched  in 
Brilliant  Green  MacConkey  broth  (Difco)  and 
Tetrathionate  broth  (Difco).  A  7-mm  loopful  from 
positive  enrichments  were  streaked  onto  Brilliant 
Green  Sulfa  agar  (Difco)  and  Brilliant  Green  Neu- 
tral Red  Lactose  agar  (Difco).  Suspect  colonies  were 
restreaked  on  duplicate  agar  plates  and  Triple 
Sugar  Iron  (TSI)  agar  slants  were  streaked  and 
stabbed.  TSI  slants  which  showed  acid  or  acid  and 
gas  butt,  alkaline  slant,  and  hydrogen  sulfide  pro- 
duction were  tested  biochemically  using  Auxotab 
Enteric  1  cards  (Colab).  Suspect  colonies  were  also 
checked  for  motility  (hanging  drop)  and  tested 
serologically  using  pooled  H-antiserum  (Difco)  with 
cells  grown  in  M-broth  (Difco). 
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The  enterobacteria  in  FLW  and  runoff  from 
Feedlot  J  have  been  reported  (28).  One  composite 
FLW  sample  from  2  pens,  10  fresh  samples  from  7 
other  pens,  and  runoff  and  field  ditch  waters  were 
examined.  Samples  were  enriched  in  selenite  cystine 
broth  (BBL)  and  streaked  on  both  bismuth  sulfite 
agar  (BBL)  and  Sa/morc<?//a-Shigella  agar  (BBL).  Six 
to  10  isolates  from  each  plate  were  examined  bio- 
chemically. Suspect  isolates  were  serotyped  with 
Polyvalent  O,  Group  A,  B,  Q,  C2,  D,  E,  and  Vi 
antisera  (Difco). 

Antibiotic  detection 

AOAC  procedures  were  used  to  detect  levels  of 
chlortetracycline  (9)  and  (10)  in  selected  waste 
samples.  FLW  (10  g  samples)  from  the  first  two  col- 
lections from  Feedlots  A  (A  and  AP  samples)  and 
E  were  analyzed  for  chlortetracycline.  The  first 
sample  from  hog  Feedlot  I  was  examined  for 
furazolidone. 

Results  and  Discussion 

Four  cattle  or  hog  waste  samples  each  from  Feed- 
lots  A  to  I  were  examined  for  aerobic  microor- 
ganisms. Three  of  the  four  samples  were  those 
analyzed  chemically  and  feedlot  conditions  in  table 
1  apply  to  these  samples.  Seven  waste  and  runoff 
samples  together  with  six  samples  from  sites  asso- 
ciated with  waste  from  cattle  Feedlot  J  in  Illinois 
were  examined  for  total  aerobes,  streptomycetes, 
yeasts,  and  fungi.  Conditions  at  this  feedlot  are  in 
Rhodes  and  Hrubant  (36). 

Each  sample  was  analyzed  for  total  aerobic  mi- 
crobial count  (tables  15  and  16)  and  percent  distri- 
bution of  dominant  aerobic  types  based  on  their 
microscopic  appearance  (tables  17  to  24)  together 
with  their  biochemical  capabilities  (referenced  in 
table  25).  The  profile  of  the  15  microscopic  groups 
present  in  all  samples  is  summarized  in  table  26; 
and,  the  profile  of  degradative  capabilities  of  all 
aerobic  isolates  is  summarized  by  microscopic  group 
and  by  source  in  table  27.  The  biochemical  capa- 
bilities and  distribution  of  streptomycetes,  yeasts, 
and  fungi  in  all  samples  from  Feedlot  J  are  given 
in  tables  28,  29,  and  30. 

Salmonella  and  antibiotic  detection  are  also  dis- 
cussed. 

Microbial  counts  in  cattle  feedlot  waste 

The  log  number  of  total  aerobic  microorganisms 
in  cattle  feedlot  waste  (FLW)  varied  from  7.0  to 
10.4  organisms/g  wet  wt  FLW  with  an  average  of 
8.6  organisms/g  wet  wt  for  28  FLW  samples  that 
were  collected  at  4  different  times  from  7  feedlots 


(table  15).  On  a  dry  weight  basis  the  log  number 
of  organisms  was  9.1  ±  1.5  organisms/g  dry  wt 
FLW,  averaging  only  the  first  three  collections 
above— wet  wt  equivalents  were  8.8  organisms/g 
FLW  with  a  range  of  7.4  to  10.4  organisms/g  FLW. 

Counts  in  samples  from  Feedlot  D,  in  Kansas, 
were  consistently  above  the  collection  averages  and 
those  from  Feedlot  A,  in  Colorado,  consistently  be- 
low in  all  four  sampling  periods;  however,  in  no 
instance  did  either  represent  the  maximum  or  mini- 
mum count  obtained  for  the  sampling  time.  Feedlot 
J,  sampled  separately  seven  times,  gave  the  highest 
average  total  aerobic  count  with  little  variability 
between  samples  (table  16).  The  log  number  of 
total  aerobic  microorganisms  varied  from  8.8  to 
10.2  organisms/g  wet  wt  FLW,  averaging  9.7  or- 
ganisms/g, and  9.4  to  10.7  organisms/g  dry  wt 
FLW,  averaging  10.2  organisms/g.  The  low  num- 
bers in  the  January  samples  accounted  for  more 
than  half  of  the  1.4  log  number  variation  in  the 
seven  samples. 

No  correlation,  direct  or  inverse,  was  apparent 
between  changes  in  the  microbial  population  with 
variation  in  any  of  the  chemical  analyses  presented 
in  tables  2-14.  Further,  changes  in  the  microbial 
population  were  not  correlated  with  altered  prac- 
tices or  conditions  of  the  various  feedlots  (table  1) 
except  the  use  of  antibiotics. 

Two  factors  were  related  to  variation  in  total 
counts— sampling  procedure  and  use  of  aureomycin 
in  feed.  Consistently  high  counts  were  attained 
when  larger  aliquots  of  the  waste  samples  were  used; 
this  reduced  the  limitations  inherent  in  small  waste 
samples  of  the  mixed  types  (dryness,  soil  content, 
and  so  forth)  taken  from  the  feedlots  as  representa- 
tive. Also,  the  shorter  the  time  from  sampling  to 
plating,  the  more  uniform  the  counts  were. 

The  range  in  log  numbers  of  organisms  in 
samples  from  Feedlots  A  and  J  was  1.4;  those  in 
samples  from  Feedlots  B,  C,  and  G  were  between 
2.7  and  3.2.  Samples  from  Feedlots  A  and  J  were 
plated  within  24  h  of  collection;  those  from  Feed- 
lots  B,  C,  and  G  were  plated  2  to  5  days  after  col- 
lection. The  high  log  number  counts  of  9.8  to  10.4 
organisms/g  wet  wt  obtained  in  Feedlots  B,  C,  and 
G  were  most  representative  because  they  were  like 
those  obtained  from  Feedlot  J;  and  lower  counts 
resulted  from  delay  necessitated  by  shipping. 

Aureomycin  was  included  in  the  feed  used  on 
Feedlot  D  and  E,  in  one  sample  from  Feedlot  G, 
and  probably  was  present  in  most  samples  from 
Feedlot  A  (table  1).  Presence  of  aureomycin  was  a 
factor  in  stabilizing  counts  from  these  feedlots.  The 
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variations  in  the  log  number  of  organisms/g  wet 
wt  in  samples  from  Feedlots  D  and  E  were  0.9  and 
1.3.  Although  higher  average  counts  were  obtained 
from  these  feedlots,  maximum  log  number  counts 
were  approximately  0.3  log  unit  lower  than  those 
for  feedlots  not  using  antibiotics.  The  use  of  com- 
biotic  at  Feedlot  H  did  not  have  the  same  stabi- 
lizing effect  on  the  total  counts. 

Distribution  of  types  of  aerobes  in  feedlot  waste 

In  tables  17  to  24,  recovery  of  most  numerous 
aerobes  frequently  was  less  than  90  percent  (sum 
of  percent  distribution  in  the  total  numbers).  This 
resulted  from  the  estimating  procedure  used.  The 
percent  of  different  colony  types  estimated  on  the 
countable  plates  was  not  adjusted  if  the  organisms 
from  a  given  colony  type  did  not  grow  on  isolation 
in  spite  of  repeated  efforts.  Thus,  no  characteriza- 
tion data  was  obtained  for  the  organisms  in  these 
colony  types,  and  totals  were  less  than  data  from 
plate  counts  would  indicate.  In  addition,  two  sam- 
ples contained  no  dominant  colony  types;  all  of  the 
colony  types  were  between  1  and  10  percent.  There- 
fore, the  percent  composition  after  isolation  and 
characterization  was  under  10  percent  of  the  total. 

The  aerobes  were  divided  into  15  groups  based 
on  microscopic  appearance  (table  26).  Four  of  these 
groups  dominate  the  populations  of  FLW:  group 
1-  G+  or  Gv  rods,  diphtheroids;  group  2-  Gv  irregular 
rods;  ovoid  and  coccoid  forms,  granular;  group  5-  G+ 
small  rods,  single;  and  group  7-  G"  small  rods,  single. 

In  FLW  samples  from  feedlots  not  using  anti- 
biotics (Feedlots  B,  C,  G,  and  J),  the  irregularly 
shaped  rods  of  groups  1  and  2  were  predominant 
with  substantial  numbers  of  groups  5  and  7.  Of 
these  aerobic  populations,  50  to  90  percent  were 
types  in  groups  1  and  2.  One  diphtheroid,  group 
1-biochemical  type  1  (table  25),  was  characteristi- 
cally present  as  10  to  70  percent  of  the  total  popu- 
lation in  these  samples.  The  organism  has  been 
characterized  (27).  Dominance  of  this  organism  cor- 
related with  high  total  populations.  Other  bio- 
chemical types  in  groups  1  and  2  occurred  ran- 
domly. 

The  small  single  rods  of  groups  5  and  7  com- 
monly occurred  in  lesser  numbers  in  all  samples. 
Presumed  coliforms,  group  7-biochemical  types  7, 
20  to  27,  and  30,  totaled  less  than  10  percent  of 
populations  in  samples  containing  high  total  num- 
bers. Samples  which  yielded  low  total  aerobic  pop- 
ulations were  characterized  by  a  low  percentage  (or 
absence)  of  group  1-biochemical  type  1,  by  approxi- 
mately equal  populations  of  groups  1  and  2  versus 


groups  5  and  7,  and  usually  by  the  presence  of  sig- 
nificant numbers  of  presumed  coliforms  or  orga- 
nisms from  other  groups. 

In  FLW  samples  from  feedlots  using  aureomycin 
or  combiotic  (Feedlots  A,  D,  E,  and  H),  the  small 
single  rods  of  groups  5  and  7  usually  were  predomi- 
nant with  substantial  numbers  of  groups  1  and  2. 
The  difference  in  population  makeup  was  primarily 
the  absence  of  the  one  diphtheroid,  group  1-bio- 
chemical type  1.  This  diphtheroid  was  present  in 
some  samples  from  these  feedlots.  Aureomycin  was 
fed  for  the  first  30  days  only  to  new  animals  on 
Feedlot  A  and  was  fed  to  animals  when  sick  on 
Feedlot  D.  Again,  samples  with  low  total  aerobic 
populations  were  characterized  by  significant  num- 
bers of  presumed  coliforms  and  organisms  from 
other  groups. 

Aerobic  microorganisms  in  hog  waste 

The  log  number  of  total  aerobic  microorganisms 
in  eight  hog  waste  samples  varied  from  6.8  to  >  10.0 
organisms/g  wet  wt  waste  with  an  average  of  8.2 
organisms/g  wet  wt.  The  dry  weight  average  for  the 
first  three  collections  was  8.6  organisms/g  dry  wt 
waste  with  a  range  of  7.2  to  >10.5  organisms/g  dry 
wt  waste;  the  equivalent  wet  weight  average  was  8.0 
organisms/g  waste. 

As  with  FLW,  no  apparent  correlation  existed 
between  changes  in  population  and  chemical  com- 
position or  feedlot  conditions;  again  the  use  of  anti- 
biotics and  sampling  procedure  influenced  micro- 
bial counts.  The  greater  variation  in  total  aerobic 
population  in  samples  from  Feedlot  F  compared  to 
Feedlot  I  probably  resulted  from  the  greater  delay 
between  sampling  and  plating.  Differences  between 
the  two  feedlots  in  average  counts  and  range  of 
counts  may  be  caused  by  the  use  of  different  anti- 
biotics. Because  no  antibiotic-free  sample  was  ex- 
amined, these  assumptions  are  based  on  analogy 
with  FLW  samples.  No  pattern  of  dominant  groups 
of  aerobes  was  obtained  from  the  six  samples 
studied.  The  single,  G~  small  rods  of  group  7  were 
present  in  five  of  the  six  samples.  No  other  group 
of  organisms  appeared  in  more  than  half  the  sam- 
ple and  only  the  G+  large  rods  in  group  4  appeared 
in  significant  numbers  in  at  least  three  samples. 
The  dominant  group  of  organisms  was  different  in 
each  sample,  and  in  only  two  instances  were  these 
groups  present  in  a  second  sample  in  significant 
numbers.  Moreover,  the  same  biochemical  type 
within  each  group  was  rarely  isolated  from  two 
samples. 

Text  continues  on  page  90. 
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Organisms  in  runoff  and  associated  sites 

The  dominant  microorganism  in  runoff  samples 
and  the  field  ditch  sample  at  Feedlot  J  was  the 
diphtheroid,  group  1-biochemical  type  1,  but  its 
proportion  of  the  total  population  was  reduced  by 
one-third  when  compared  with  FLW  populations. 
The  single,  G+  small  rods  of  group  5  decreased  as 
the  proportion  of  the  single,  G~  small  rods  of  group 
7  increased.  Cocci  of  groups  8,  10,  12,  and  13  were 
present  in  significant  numbers  in  individual  sam- 
ples. 

The  distribution  of  types  of  organisms  in  pen 
dirt  was  the  same  as  that  in  FLW.  The  population 
profiles  of  the  stockpile— composted  FLW— and  field 
samples  were  characterized  by  the  single,  G"  small 
rods  of  group  7.  The  diphtheroid,  group  1-biochem- 
ical type  1,  was  found  inconsequentially  only  in  the 
March-field  sample.  Streptomycetes,  group  15,  were 
present  in  both  field  samples,  in  significant  numbers 
in  the  September  sample,  but  not  in  the  stockpile 
sample. 

Biochemical  capabilities  of  the  aerobes 

Carbohydrate  fermentations.— The  aerobes  from 
all  sources  were  active  in  fermenting  carbohydrates. 
Glucose,  xylose,  and  lactose  were  attacked  by  62, 
38,  and  28  percent  of  the  467  isolates.  The  185 
major  isolates  (those  representing  more  than  10  per- 
cent of  the  total  population  of  one  sample)  were 
similarly  active:  70  percent  fermented  glucose,  42 
percent  xylose,  and  29  percent  lactose.  Only  2  of 
the  176  xylose  fermenting  isolates  did  not  ferment 
glucose.  Of  the  lactose  fermenting  isolates,  92  per- 
cent also  fermented  glucose  and  xylose.  The  re- 
mainder were  glucose  positive  only. 

Because  use  of  aureomycin  on  cattle  feedlots  af- 
fected the  distribution  of  microscopic  groups  of  iso- 
lates in  the  population,  it  also  affected  the  fermen- 
tative capabilities  of  these  populations.  However, 
no  apparent  differences  existed  between  the  pristine 
(AP)  and  surface  (A)  samples  from  Feedlot  A. 
Aureo-isolants  (isolates  from  Feedlots  A  (both  A 
and  AP  samples),  D,  and  E  that  used  aureomycin  in 
the  feed)  were  more  reactive  than  abf-isolants  (iso- 
lates from  the  antibiotic-free  Feedlots  B,  C,  G,  and 
J,  which  used  no  antibiotic  in  the  feed);  reactivity 
of  combio-isolants  (isolates  from  Feedlot  H,  which 
incorporated  combiotic  in  the  feed)  was  in  between. 
Glucose,  xylose,  and  lactose  were  fermented  by  81, 
70,  and  45  percent  of  both  total  and  major  aureo- 
isolants.  The  irregularly  shaped  Gv  rods  of  group  2 
and  the  small  single  G~  rods  of  group  7  accounted 


for  25  and  20  percent  of  the  active  aureo-isolants; 
the  diphtheroids  of  group  1  and  the  small  single  G+ 
rods  of  group  5  each  accounted  for  10  percent  of 
the  activity. 

The  abf-isolants  were  substantially  less  active, 
with  62,  27,  and  24  percent  of  the  total  abf-isolants 
respectively  fermenting  the  hexose,  pentose,  and 
disaccharide;  74,  23,  and  19  percent  of  the  major 
isolates  reacted  on  the  same  substrates.  The  domi- 
nance of  group  1-biotype  1  isolates  in  abf-isolants 
was  the  prime  cause  of  the  relatively  high  percent 
of  glucose  fermentation  but  low  activity  on  xylose 
and  lactose.  Isolates  from  groups  2  and  5  each  con- 
tributed about  25  percent  of  the  total  fermentative 
capabilities  of  the  abf-isolants  with  isolates  from 
groups  1  (except  biotype  1)  and  7  each  accounting 
for  about  15  percent  of  the  total. 

Glucose  was  fermented  by  65  and  55  percent  of 
the  total  and  major  combio-isolants,  xylose  by  48 
and  45  percent,  and  lactose  by  26  and  18  percent. 
Combio-isolants  from  groups  5  and  7  shared  70  per- 
cent of  the  total  activity. 

The  fermentative  capabilities  of  hog-isolates  were 
comparable  with  FLW-isolates;  78,  47,  and  44  per- 
cent of  all  hog  isolates  attacked  glucose,  xylose,  and 
lactose.  Correspondingly,  71,  50,  and  42  percent  of 
the  24  major  hog-isolates  were  active.  Two-thirds 
of  the  fermentatively  active  major  hog-isolates  were 
from  groups  3  (large  G"  rods  in  palisades),  4  (large 
G+  rods),  and  14  (yeasts).  Of  all  active  hog-isolates, 
1 1  percent  were  from  group  7  (small  G~  rods)  and 
the  remainder  were  scattered  through  six  additional 
groups. 

The  fermentative  capabilities  of  the  run-off  iso- 
lates and  pen  dirt  isolates,  both  from  Feedlot  J, 
were  about  one-half  those  of  abf-isolants.  Similarly, 
distributions  of  these  active  isolates  were  largely  in 
groups  1,  2,  5,  and  7. 

The  percent  of  isolates  capable  of  fermenting 
carbohydrates  diminished  over  time  in  soil  contain- 
ing FLW.  Fifty  percent  of  the  isolates  from  the 
March-field  sample  (FLW  applied  1  to  3  months 
previously)  were  able  to  attack  glucose  with  fer- 
mentative isolates  distributed  among  groups  1,  2, 
and  7— three  of  the  four  dominant  groups  in  abf- 
FLW.  When  the  same  field  was  sampled  6  months 
later,  only  one-third  of  the  isolates  fermented  glu- 
cose and  only  the  small  G~  rods  of  group  7  re- 
mained of  the  four  groups  which  characterized  abf- 
FLW.  Only  1  isolate  (group  7)  of  13  recovered  from 
the  stockpile,  composted  FLW.  was  able  to  ferment 
glucose. 

Nitrate,  indol,  and  H2S.— Nitrates  were  reduced 
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by  a  moderate  number  of  all  isolates  while  indol 
and  H2S  were  produced  by  a  few  isolates,  primarily 
hog-isolates  and  aureo-isolants.  Nitrite,  indol,  and 
H2S  were  produced  by  42,  6,  and  2  percent  of  all 
isolates.  The  major  isolates  were  slightly  more  ac- 
tive in  producing  these  compounds  (44,  9,  and  3 
percent). 

Again  abf-isolants  differed  from  aureo-  and  com- 
bio-isolants  in  FLW  samples;  commonly,  two-thirds 
of  the  nitrate  reducers  in  all  FLW  samples  fer- 
mented glucose.  Nitrite  and  indol  were  produced 
by  43  and  2  percent  of  all  abf-isolants  and  by  68 
and  4  percent  of  the  major  abf-isolants;  no  H2S 
production  was  detected.  Group  1— essentially  all 
biotype  1— and  group  5  isolates  each  represented 
30  percent  of  all  nitrate-reducing  abf-isolants;  and, 
isolates  from  groups  2  and  7  represented  an  addi- 
tional 15  and  12  percent  of  the  total.  Essentially  all 
group  1  and  one-half  of  the  group  5  isolates  that 
reduced  nitrate  were  glucose  positive  as  were  two- 
thirds  of  the  isolates  from  groups  2  and  7.  Almost 
all  of  these  isolates  fermented  glucose  only.  An  ex- 
ception was  two  indol  positive  abf-isolants  from 
group  7  that  reduced  nitrate,  fermented  lactose,  and 
produced  acid  and  gas  from  glucose.  The  other 
indol-forming  abf-isolant  was  a  nonfermenting  diph- 
theroid of  group  1. 

Nitrate  was  reduced  by  39  percent  of  all  combio- 
isolants  and  45  percent  of  the  major  isolates.  Iso- 
lates were  scattered  among  the  microscopic  groups. 
Only  one  combio-isolant  produced  indol;  the  group 
7  organism  was  nitrate  negative. 

Nitrite  and  indol  were  produced  by  38  and  12 
percent  of  the  aureo-isolants  and  by  33  and  16  per- 
cent of  the  major  isolates.  H2S  was  produced  by  one 
group  4  isolate  (large  G+  rod,  chains).  About  30  per- 
cent of  the  nitrate-reducing  aureo-isolants  were 
group  7  cultures  and  groups  1,  2,  and  5  each  added 
another  15  percent.  More  than  half  of  the  nitrate- 
reducing  aureo-isolants  that  fermented  glucose  also 
fermented  xylose  or  lactose,  or  both.  All  14  indol- 
forming  aureo-isolants  also  reduced  nitrate,  fer- 
mented lactose,  and  produced  acid  and  gas  from 
glucose.  There  were  two  isolates  each  in  group  3— 
(large  G~  rods  in  palisades)  and  group  5— (small, 
single  G+  rods);  the  remainder  were  the  small,  sin- 
gle G-  rods  of  group  7. 

Organisms  from  hog  waste  were  less  active  than 
were  FLW  isolates  in  reducing  nitrates  but  were 
substantially  more  active  as  indol  and  H2S  pro- 
ducers. Nitrite,  indol,  and  H2S  were  produced  by 
24,  16,  and  16  percent  of  all  hog-isolates  and  by  17, 
17,  and  21  percent  of  the  major  isolates.  Two-thirds 


of  the  nitrate-reducing  isolates,  including  all  the 
indol-formers,  fermented  lactose  and  glucose— usu- 
ally with  gas  produced.  These  were  the  large  and 
small  G~  rods  of  groups  3  and  7.  The  seven  Re- 
producing isolates  were  distributed  among  groups 
3,  4  (large  G+  rods),  7,  and  8  (G+  cocci  in  chains). 
All  fermented  the  three  carbohydrates  and  most 
were  nitrate  negative. 

Runoff  isolates  were  comparable  to  abf-isolants 
in  both  capabilities  and  distribution  of  active  cul- 
tures among  the  microscopic  groups. 

Forty-five  percent  of  all  64  isolates  from  the  as- 
sociated sites  of  Feedlot  J  reduced  nitrate.  None 
were  capable  of  producing  indol  or  H2S.  One-half 
of  the  nitrate-reducing  isolates  attacked  glucose 
only;  one-third  fermented  no  carbohydrate.  Nitrate 
was  reduced  by  more  than  60  percent  of  the  cul- 
tures from  pen  dirt,  the  March-field,  and  the  field 
ditch;  less  than  30  percent  of  the  isolates  from  the 
September-field  and  the  stockpile  were  active.  Dis- 
tribution by  microscopic  groups  within  and  among 
samples  was  dispersed. 

Degradative  capabilities  of  the  aerobes 

Breakdown  of  zein,  starch,  cellulose,  lipid  (corn 
oil),  and  urea  was  considered  an  indication  of  the 
ability  of  constituent  organisms  to  decompose  waste. 
The  aerobic  isolates  were  mildly  effective  in  this  re- 
gard. Zein,  starch,  lipid,  and  urea  were  degraded  by 
14,  18,  8,  and  11  percent  of  all  isolates;  major  iso- 
lates were  slightly  less  active.  Cellulose  was  not  at- 
tacked by  any  isolate.  The  results  are  summarized 
by  source  and  by  microscopic  group  in  table  27. 

As  a  measure  of  proteolysis,  zein  hydrolysis  was  a 
more  sensitive  indicator  than  was  peptonization  of 
litmus  milk.  Two-thirds  of  the  zein-positive  isolates 
did  not  peptonize  milk.  But  seven  zein-negative 
isolates  peptonized  milk,  increasing  the  total  proteo- 
lytic capabilities  to  16  percent  of  all  isolates.  The 
seven  isolates  were  from  hog  waste  or  from  associ- 
ated sites  at  Feedlot  J. 

Lipase  activity  with  corn  oil  as  substrate  was  not 
run  on  all  samples  from  Feedlot  J.  Isolates  from 
these  samples  are  recorded  as  lipase  negative.  Thus 
lipase  activity  for  abf-isolants  and  run-off  isolates 
may  be  low  by  10  and  57  percent. 

FLW  isolates.— Distribution  of  degradative  capa- 
bilities among  FLW  isolates  was  affected  by  incor- 
poration of  antibiotics  in  feed.  The  percentage  of 
abf-isolants  able  to  degrade  zein  or  milk,  starch, 
lipid,  and  urea  was  17,  17,  9,  and  8.  In  percentage 
of  cultures  having  degradative  capabilities,  combio- 
isolants  were  twice  as  effective  as  abf-isolants  in  de- 
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grading  zein,  starch,  and  urea  but  were  only  half  as 
effective  in  degrading  lipid.  Aureo-isolants  on  the 
same  basis  were  only  60  percent  as  effective  as  abf- 
isolants  in  degrading  zein  and  starch  but  had  twice 
the  capability  of  degrading  lipid;  and,  they  were 
one-third  more  effective  than  abf-isolants  in  using 
urea. 

One-third  of  all  degradative  isolates  were  the 
small  G+  rods  of  group  5  and  one-fourth  were  the 
small  G"  rods  of  group  7;  the  irregularly  shaped 
rods  of  groups  1  and  2  constituted  an  additional 
fourth.  Zein  hydrolyzers,  one-half  from  group  5, 
were  characteristically  nitrate  negative  and  ambiva- 
lent in  fermentation  of  glucose.  Starch  hydrolyzers, 
half  from  groups  5  and  7,  were  usually  nitrate  posi- 
tive (group  7  isolates  were  largely  nitrate  negative) 
and  characteristically  glucose  positive. 

Significant  numbers  of  abf-isolants  from  groups 
1  and  2  provided  the  higher  starch-hydrolyzing  ca- 
pacity of  these  isolants  than  that  exhibited  by 
aureo-isolants.  Two-thirds  of  the  lipase  positive 
FLW  isolates  were  from  groups  2,  5,  and  7  and  one- 
half  of  the  urease  producers  were  in  groups  2  and  5. 
FLW  isolates  that  produced  lipase  typically  fer- 
mented glucose  and  were  mixed  in  their  ability  to 
reduce  nitrate;  urease-producing  isolates  usually  re- 
duced nitrate  but  were  variable  in  their  ability  to 
attack  glucose.  Of  the  lipase-  and  urease-producing 
isolates,  the  group  7  isolates  were  characteristically 
nitrate  negative,  group  5  isolates  typically  fer- 
mented glucose,  and  group  2  isolates  typically  at- 
tacked either  nitrate  or  glucose. 

Hog  waste  isolates.— Of  the  hog  isolates,  10,  20,  2, 
and  4  percent  were  capable  of  degrading  zein  or 
milk,  starch,  lipid,  and  urea.  The  single  lipolytic 
isolate  was  a  yeast.  The  large  G"  rods  in  palisades 
(group  3)  were  the  only  major  isolates  possessing 
degradative  capabilities,  accounting  for  more  than 
one-third  of  the  activity  on  zein  or  milk,  starch,  and 
urea.  Diphtheroids  (group  1)  and  small  G+  rods  in 
chains  (group  6)  hydrolyzed  starch  and  small  G+  or 
G~  rods  (groups  5  and  7)  attacked  zein,  starch,  or 
urea.  Essentially  all  degradative  isolates  fermented 
glucose  and  all  except  the  yeast  and  streptobacilli 
reduced  nitrate. 

Runoff  isolates.— Zein,  starch,  lipid,  and  urea 
were  degraded  by  10,  24,  3,  and  14  percent  of  the 
runoff  isolates.  Diphtheroids  (group  1)  and  cocci 
(groups  8,  10,  11,  and  13)  represented  one-half  of 
the  active  isolates  and  almost  all  of  the  major  iso- 
lates. Of  those  organisms  degradatively  most  active 
among  FLW  isolates  (groups  2,  5,  and  7),  only  mem- 
bers of  group  7  were  present  in  runoff  in  signifi- 


cant numbers,  representing  one-third  of  the  isolates. 
The  degradative  cultures  were  typically  nitrate 
negative  and  usually  did  not  ferment  glucose. 

Isolates  from  associated  sites.— The  percent  of 
degradative  isolates  from  these  samples,  taken  col- 
lectively, was  slightly  larger  than  that  for  abf- 
isolants.  However,  over  half  of  these  major  isolates 
had  degradative  capabilities.  Zein  was  degraded  by 
major  isolates  in  samples  from  the  September-field 
(a  streptomycete),  stockpiled  FLW  (a  small  G"  rod), 
and  the  field  ditch  (a  yeast).  Group  7  major  isolates 
from  core  samples  of  the  March-field,  September- 
field,  and  stockpile  hydrolyzed  starch.  A  strepto- 
mycete from  the  September-field  sample  and  a  small 
single  G"  rod  from  the  feed  degraded  lipid  and 
urea,  respectively. 

Microscopically,  half  of  all  degradative  isolates 
from  associated  sites  were  small  single  G"  rods. 
They  typically  attacked  neither  nitrate  nor  glucose, 
and  were  common  in  feed  but  not  recovered  from 
the  field  ditch.  In  core  samples  the  group  7  isolates 
increased  in  frequency  with  aging  of  the  FLW  ap- 
plication, being  absent  in  pen  dirt,  common  in  the 
field  samples,  and  constituting  all  of  the  degradative 
stockpile  isolates. 

Yeasts,  fungi,  and  streptomycetes  from  Feedlot  J 

Populations  of  the  more  complex  microbes  from 
Feedlot  J  were  also  enumerated  and  examined  for 
degradative  capabilities.  Total  counts  of  yeasts, 
fungi  (molds  and  macroscopically  filamentous 
yeasts),  and  streptomycetes  are  in  table  16. 

Yeasts.— Although  most  prevalent  of  the  three 
classes,  yeasts  were  the  least  active  degradatively 
(table  29)  and  were  inferior  to  the  bacteria  in  this 
respect.  Eight  percent  of  the  63  isolates  hydrolyzed 
starch  and  5  percent  (15  percent  of  those  tested) 
produced  lipase.  Cellulose  and  zein  were  not  de- 
graded, but  two  isolates  peptonized  milk.  Almost 
all  isolates  fermented  glucose  whereas  urea  and  ni- 
trate were  each  attacked  by  one-sixth  of  the  yeasts. 

Fungi.— Fungal  isolates  (table  30)  were  good 
starch  and  lipid  degraders,  hydrolyzed  zein  on  par 
with  the  total  aerobes,  and  were  inactive  on  cellu- 
lose. Three-fifths  of  the  isolates  tested  degraded 
starch  or  lipid,  and  14  percent  hydrolyzed  zein. 
Forty-four  percent  of  all  isolates  capable  of  degrad- 
ing zein  or  starch  were  either  Aspergillus  or  Peni- 
cillium  spp.  although  these  genera  represented  only 
31  percent  of  all  fungal  isolates.  All  Absidia  and 
Scopulariopsis  spp.  tested  attacked  both  starch  and 
lipid  and  most  of  the  latter  also  degraded  zein. 
Two-thirds  of  the  proteolytic  and  lipolytic  activity 
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was  derived  from  one-third  of  the  isolates— the  soil 
isolates  from  pen  dirt,  field  samples,  and  stockpile. 
Only  one-third  of  all  fungal  isolates  did  not  attack 
one  of  the  four  substrates;  in  comparison,  two-thirds 
of  the  total  aerobes  were  nonfunctional. 

Streptomycetes.— The  most  active  group  studied 
was  the  streptomycetes  (table  28).  Zein,  starch,  and 
lipid  were  degraded  by  45,  77,  and  52  percent  of 
isolates  tested.  As  with  all  other  isolates  tested,  no 
streptomycete  attacked  cellulose.  FLW  isolates  were 
about  10  percent  more  active  on  all  three  substrates 
than  were  the  total  array  of  streptomycetes.  Isolates 
from  the  stockpile  were  unusually  active  on  both 
zein  (80  percent)  and  starch  (92  percent).  Only  16 
percent  of  the  streptomycetes  did  not  attack  one  of 
the  four  substrates  and  half  of  these  were  from  the 
March-field  sample. 

Salmonella  detection 

Salmonella  was  detected  in  samples  collected  from 
Feedlot  B  and  the  AP  sample  (pristine)  from  Feed- 
lot  A  in  summer  1972,  although  the  A  (manure 
pack)  sample  collected  at  the  same  time  was  nega- 
tive. Both  the  serologic  and  biochemical  tests  used 
were  positive  for  Salmonella.  Either  Salmonella  or 
Arizona  was  isolated  from  samples  collected  from 


Feedlot  B  in  summer  1971  and  in  spring  1972. 
These  isolates  gave  positive  serologic  tests  for  Sal- 
monella, but  biochemical  tests  included  positive 
malonate  and  negative  beta-galactosidase  reactions. 
Salmonella  were  not  detected  in  the  36  other  sam- 
ples from  Feedlot  A  to  I  including  all  samples  col- 
lected in  winter  1972.  Salmonella  and  Arizona  were 
detected  in  FLW  but  not  in  runoff  from  Feedlot  J. 

Antibiotic  detection 

Furazolidone  was  not  detected  (< 0.002  pig/g  dry 
wt)  in  the  hog  waste  sample  from  Feedlot  I. 

Chlortetracycline  was  not  detected  in  the  six 
FLW  samples  from  Feedlots  A  and  E.  Aureomycin 
was  used  on  Feedlot  A  only  during  the  first  30  days 
of  the  animals'  stay  on  the  feedlot.  Since  arrival 
time  of  the  animals  was  not  ascertained,  these  sam- 
ples probably  were  obtained  from  animals  on  feed 
without  aureomycin.  Similar  circumstances  may  ap- 
ply for  samples  tested  from  Feedlot  E.  Also,  al- 
though the  time  required  for  its  reappearance  in 
FLW  following  antibiotic  usage  was  not  deter- 
mined, the  diphtheroid  characteristic  for  abf-FLW 
samples  (group  1-  biochemical  type  1)  was  isolated 
from  one  of  the  samples  taken  at  this  time. 
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